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Car6ohycfrate MetaSotism 


I- What is the end product of action of pancreatic amylase on starch? 

A. Maltose. 

2 , Which is more effective salivary amylase or pancreatic amylase? 

A, Pancreatic amylase. 

3, Why? 

A. Because salivary amylase is rapidly inactivated by gastric HCI 

4* Ce/lu/ose and starch are polysaccharides made of glucose, but 

cellulose cannot be digested by human beings f why? 

A* Cellulose contains p 1,4 linkages, which cannot be digested by 
human enzymes. 

5. What is lactose intolerance? 

A* This is a deficiency of lactase enzyme, which digests lactose into 
glucose and galactose. 

fn What are effects of lactose intolerance? 

A. Dehydration, diarrhea distention, and abdominal cramps. 

7. What are mechanisms of these effects? 

A, The presence of lactose in Intestine causes increased osmotic 
pressure: So water will be drawn from the tissue (causing 
dehydration) into the large intestine (causing diarrhea). It also 
causes increased fermentation of lactose by intestinal bacteria 
that ferment lactose with subsequent production of C0 2 gas. This 
causes distention and abdominal cramps. 

8. The rate of absorption of sugars in intestine is highest for which 

monosaccharide? 

A. Absorption rate of galactose is more than glucose, while fructose 
is absorbed at a lesser rate than glucose. 
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9, How glucose i$ absorbed from intestine? 

A, Through active transport by carrier protein named sodium 
dependent glucose transporter (SGluT). 

10. How glucose is released from Intestinal ceils into the blood stream? 

A* By glucose transporter type 2 (GluT2)< 

1 LHotv glucose is taHen up by cells from blood stream? 

Ap In tissues GluT2 is Involved in absorption of glucose from blood, 

12. What is the importance of GiuT4? 

A* It is the glucose transporter present in muscle and adipose 
tissues. Insulin induces synthesis of these transporters. In 
diabetes meilrtus, entry of glucose into muscle is decreased, 
because GluT4 Is reduced in insulin deficiency, 

13. What rs glycolysis? 

A, It is oxidation of glucose to give pyruvate (in the presence of 
oxygen] or lactate (In the absence of oxygen), along with 
production of a small quantity of energy. 

1 4* Wbar is the net yield of ATP from one molecule of glucose in 

anaerobic glycolysis? 

A* 2 ATP. 

i 5. What is the net yield of ATP from one molecule of glucose in aerobic 

glycolysis ? 

A. 6 or 8 ATP. 

If>,kVberi aerobic glycolysis gives 6 or 8 ATPs? 

A* 6 ATP if 2 NADH + N* transfers its hydrogen to mitochondria 
through glycerophosphate shuttle and S ATP if 2 NADH + H* 
transfers its hydrogen to mitochondria through aspartate malate 
shuttle. 

l7./n which condition pyruvate is produced , and when lactate? 

A, In aerobic condition, pyruvate is produced. When oxygen is 
lacking, lactate Is produced. 

18,lVhaf Js the significance of glycolysis? 

A. It Is the only pathway that is taking place in all the ceils of the 
body. Glycolysis is the only source of energy In RBCs. Moreover, 
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anaerobic glycolysis forms the major source of energy in actively 
contracting muscles. 

\9.What are other functions of glycolysis? 

A* Apart of energy production, glycofysis helps the oxygenation of 
tissues through formation of 2*3 bisphosphoglycerate which 
decreases the affinity of hemoglobin to 0 2 and provides 
important intermediates. 

20 .What is the function of 2,3*bisphospho glycerate? 

A. When combined with hemoglobin, 2,3-BPG reduces the affinity 
towards oxygen. This leads to good oxygen delivery to tissues. 

Zl.Wfrar are important intermediates produced by glycolysis? 

A, Dihydroxyacetone phosphate used for iipogenesis, 3- 
phosphoglycerate used for synthesis of serine* pyruvate used for 
synthesis of alanine and in the presence of Q z it can pass into 
mitochondria -+ acetyl GoA -* Krebs" cycle, 

22.Which f/ssues prefer anaerobic glycolysis? 

A. Mainly RBCs, and exercising muscle. 

23-lVhy RBCs are very dependent upon glycolysis for ATP production? 

A* Because mature RBCs contain no mitochondria, 

24 . Why exercising muscles are dependent upon glycofysis for A TP 

production? 

A + Because they undergo frequent oxygen lack. 

IS.Which other tissues prefer anaerobic glycolysis? 

A* Tissues with no^ mitochondria as cornea and lens. Tissues with 
f&w mitochondria as testis, leucocytes, medulla of the kidney, 
retina, skin and gastrointestinal tract and cancer cells as they 
undergo frequent oxygen lack, 

26. What is the importance of phosphofructokinase? 

A. It is one of the key enzymes (rate limiting enzymes) of the 
glycolysis, it is an irreversible reaction. 

27. What is the substrate for aidolase A reaction? 

A. Fructose'1 i 6-bispho$phate. 
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IS.During glycolysis t energy is produced during which steps? 

A, {1} Step 1 , 3 -btsphosphoglycerate to 3-phospho glycerate, 
(2) step, phosphoenol pyruvate to pyruvate, 

I 1 ),Fluoride ions inhibit which enzyme? 

A. Enolase. 

30. What is the importance of the above inhibition? 

A. Fluoride is used to prevent glycolysis, as preservative for blood 
before glucose estimation, 

31. NAD is reduced to NADH in which reaction of glycolysis? 

A. Glyceraldehyde-3-phQsphate dehydrogenase reaction. 

32. How NAD~ can be regenerated from NADH+H' in glycolysis? 

A, This can be done by oxygen, but when oxygen is lacking this can 
be done by conversion of pyruvate to lactate [last reaction of 
glycolysis). 

33. What is the purpose of lactic acid production under anaerobic 
conditions? 

A. For regeneration of NAD*. This helps continuity of glycolysis, as 
the generated NAD* will be used once more for oxidation of 
another glucose molecule. 

34*As the end product of giycolysis r pyruvate and NADH ere formed. 
During anaerobic conditions , this NADH is reconverted to NAD+ by 
what mechanism? 

A* Lactate dehydrogenase reaction. 

35. As the end product of glycolysis , pyruvate and NADH are formed , 
During aerobic conditions T this NADH is reconverted to NAD+ by 
what mechanism? 

A* Oxygen, in respiratory chain reactions. 

36. What is Con's cycle? 

A* It is the conversion of glucose Into lactate in muscle 1 followed by 
conversion of lactate into glucose in fiver. It is then taken up 
through gluconeogenesis pathway, and becomes glucose. This 
glucose can enter into blood and then taken to muscle. 
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37 .What is the other name of Cori cycle? 

A. Lactic acid cycle. 

3H. Wftaf is the purpose of Cori’s cycle? 

A. By this means, the lactate Is efficiently reutilized by the body. 

39, Why lactate is transported from muscle to liver? 

A. Oxygen is limited in exercising muscles, so lactic acid could not 
be transformed to pyruvate In muscles. It Is transported to liver, 
where It is transformed to pyruvate and then to glucose, 

40. tVftaf are key glycolytic enzymes? 

A, Glucokinase, hexokinase, phosphofructokinase, and pyruvate 
kinase. 

4 I , What is hexokinase? 

A. Hexokinase is the first enzyme in the glycolysis. it 
phosphorylates glucose to glucose-6-phosphate. It is present 
almost in all tissues, 

42. What is glucokinase? 

A. Glucokinase - together with hexokinase ♦ are the first enzymes 
in the glycolysis. However, glucokinase is present only in liver. It 
acts only on glucose. It is most active when glucose level in 
blood is increased after meals. 

43. What are mechanisms of regulation of glycolysis? 

A. Hormonal regulation, energy regulation and substrates 
regulation. 

44. What are hormones regulating glycolysis? 

A. Insulin and glucagon. 

45. Afow can insulin regulate glycolysis? 

A. Insulin stimulates glycolysis. It stimulates synthesis of all key 
enzymes of glycolysis (except hexokinase). 

46. When insulin is secreted? 

A. It is secreted after meal (in response to high blood glucose 
level). 

47. How can glucagon regulate glycolysis? 

A. It inhibits the activity of the key enzymes of glycolysis. 
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48*Wften glucagon is secreted? 

A* It is secreted in response to low blood glucose level, 

4 9, What is energy regulation of glycolysis? 

A. High level of ATP inhibits both PFK-1 and pyruvate kinase. High 
levels of ADR and AMP stimulate PFK-1. 

50, What are substrates regulating glycolysis? 

A. Glucose-6-phosphate, fructose 1,6 bisphosphate fructose 2,6 
bisphosphate, and citrate, 

5t.Wftaf are the inhibitors of phosphofructokinase? 

A* ATP, citrate, and glucagon. 

52*Whaf are the activators of phosphofructokinase? 

A* AMP, Fructose-2,6“bisphosphate, and Insulin. 

5 3. What are si/hsfrafes f/iaf regulate glycolysis? 

A. Glucose-6-phosphate inhibits hexokinase, fructose 1,6 
bisphosphate stimulates pyruvate kinase, fructose 2,6 
bisphosphate stimulates phos p ho r-fructoki nase-1 (glycolysis) 
and inhibits fructose 1,6 bisphospbatase (gluconeogenesis) p and 
citrate inhibits phosphofructokinase-1. 

54 + ftlalate-a$panate shuttle is used for what purpose? 

A. (1) It helps the transfer of hydrogen carried by NADH+H* 

produced in the course of glycolysis In hepatic cells- to inside 
the mitochondria. (2) Reactions of gluconeogenesis are taking 
place in cytosol. Hence, the oxaloacetate has to be transported 
from mitochondria to cytosol. The maiate shuttle achieves this, 

55. Whaf is the effect of deficiency of pyruvate kinase (PK) enzyme? 

A. This leads to excessive hemolysis of RBCs ^ hemolytic anemia. 

56. Why deficiency of pyruvate kinase (PK) enzyme causes anemia? 

A, Genetic deficiency of PK enzyme -+ 4- rate of glycolysis and 
decrease production of ATP. ATP is required for Na* - K + ATPase, 
which is important for stability of RBCs. 

57. Wftaf is the effect of deficiency of hexokinase enzyme? 

A* This leads to hemolytic anemia due to. decrease ATP production. 
The mechanism is similar to that of pyruvate kinase deficiency. 
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5HplV/taf are sources of lactate? 

A, From glycolysis especially En RBCs (due to absence of 
mitochondria) and muscle during exercises (due to oxygen lack). 

S9 r What is fate of factate? 

A. Glucose formation through Cori cycle, conversion Into pyruvate 
(If oxygen gets available), accumulation in muscles causing 
muscle fatigue and finally excretion in urine and sweat. 

6Q>What is substrate /eve/ phosphorylation? 

A. It is a phosphorylation of ADP to form ATP at the level of the 
reaction itself. 

61. Give examp/e of substrate tevei phosphory/ation in gfycoiysis? 

A, Step 1,3-bisphosphoglycerate to 3-phospho glycerele, and step, 
phosphoeno* pyruvate to pyruvate. 

62. Why tactate is the end product of glycolysis in RBCs? 

A. Because mature RBCs contain no mitochondria. 

63. ftp RSCs undergo no glycolysis in diabetes metiitus? 

A, Glycolysis proceeds normally in RBCS. This is because glucose 
uptake by RBCs is independent on insulin hormone. 

64 . IVhaf is the relationship between giycotysis and methemogiobin in 

RBCs? 

A. Glycolysis produces KADH n H + which is used for reduction of 
met-hemoglobin into hemoglobin in red celts. This reaction is 
catalyzed by cytochrome b 5 -met-hemoglobin reductase system 
(cyt b 5 ). 

65. What is lactic acidosis? 

A. It is a metabolic acidosis resulting from increased formation of 
lactate or decreased utilization of lactate. 

66. What are the causes of decreased utilization of lactate? 

A. Tissue anoxia or lack of oxygen as in myocardial infarction. This 
is because oxygen is essential for conversion of factate into 
pyruvate, which proceeds into acetyl CoA->Krebs N cycle. 
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(\1 .What i$ fermentation? 

A. It is the conversion of glucose into C0 2 ethanol by yeast 
enzymes. 

fiX.tVhat is pyruvate kinase? 

A. \t catalyses the reactfon T phospho enol pyruvate to pyruvate. 

69* What is the effect of pyruvate kinase enzyme deficiency? 

A* Hemolytic anemia 

Ib.What is catalytic activity of lactate dehydrogenase (LD)? 

A. Conversion of pyruvate to lactate. The reaction is reversible. 

H.What is the medical importance of lactate dehydrogenase? 

A, This enzyme has 5 isoenzymes (LDI). Serum LDI 1 increases in 
certain heart diseases [myocardial infarction). Serum LDI 5 
increases in certain liver diseases [infective hepatitis). 

12*What are in vitro inhibitors of glycolysis? 

A. Arsenate, lodoacetate and fluoride ions. 

73* What are the mechanisms of inhibition of each? 

A. Arsenate competes with inorganic phosphate (Pi) in the reaction 
catalyzed glycerladhyde-3-phcspbate dehydrogenase, iodoacetate 
inhibits glycerladhyde-3-phosphate dehydrogenase and fluoride 
Sons inhibits enolase. 

74.How can extra mitochondrial NADH+H* be oxidized? 

A. Through Glycerophosphate shuttle and aspartate malate shuttle. 

75 Js giycolysis pathvjay reversible? 

A. Yes except 3 reactions (those catalyzed by kinase enzymes), 
Glucose-6-P ^ Glucose, Fructose 1,6 diphosphate -E> fructose-6- 
P and Pyruvate ^ Phosphoenol pyruvate. 

7 ft. What is oxidative decarboxylation of pyruvate? 

A* It is the conversion of pyruvate into acetyl CoA, 

77 .Pyruvate is converted to acetyl CoA by which enzyme? 

A* Pyruvate dehydrogenase. 
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78*Whaf are f/ie co-enzymes necessary for oxidative decarboxylation of 

pyruvate? 

A* Thiamine pyrophosphate, NAD f FAD r Lipoic acid* and Co¬ 

enzyme A. 

79. Wow can pyruvate dehydrogenase be regulated? 

A* The enzyme is present in 2 forms active dephosphorytated and 
inactive phosphorylated, Factors stimulating the enzyme 
Including insulin, pyruvate Co*enzyme A and NAD*. Factors 
inhibiting the enzyme include acetyl CoA, NADH + H*, ATP and 
calcium ions. 

80. What ps ctfrrc acid cycle (TCA)? 

A. TCA is a series of reactions in which acetyl CoA is oxidized into 
CO Jr H s O and energy. 

8LW/nch is the amphibolic pathway? 

A + Citric acid cycle because it has anabolic and catabolic functions. 

82.Whaf are functions of Krebs' cycle (TCA)? 

A. Production of energy (12 ATP), catabolic functions and anabolic 
functions, 

are the catabolic functions of Krebs' cycle (TCA)? 

A, TCA is the final common pathway for oxidation of carbohydrates 
(glucose), lipids (fatty acids} and proteins (amino acids}. 

84. What are the anabolic functions of Krebs' cycle {TCA)? 

A, Synthesis of amino acids, glucose, heme, fatty acid, cholesterol 
and C0 2 * 

85-How many ATPs are generated per one rotation of the citric acid 
cycle? 

A- 12 ATP. 

8b.What Is energy (ATP) production of complete oxidation of pyruvate? 

A, 15 ATP 

81.In hepatic cell and during complete oxidation, what is the net yield 
of ATP from one glucose molecule? 

A, 38 ATP, 
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88, Acetyl CoA is produced from what substrates? 

A. Carbohydrate (Pyruvate), fatty acids, and leucine amino acid. 

89. Acetyl CoA is used for what purposes? 

A. Oxidation in TCA cycle, fatty acid synthesis, cholesterol 
synthesis, and ketone bodies formation. 

91).kVftaf is energy (ATP) production of complete oxidation of Acetyl 

CoA? 

A, 12 ATP 

91.Which is the substrate level phosphorylation step in the TCA cycle? 

A. Succinate thiokinase. 

91 .What is the inhibitor of succinate dehydrogenase? 

A. Malonate. 

93. What are other in vitro inhftdfors of citric acid cycle (CAC)? 

A, Flouroacetate, which inhibits citrate synthase and arsenate, 
which inhibits a-ketoglutarate, 

94. G/V0 examples of reactions in which NADH is generated. 

A. Pyruvate dehydrogenase, isocitrate dehydrogenase, a-keto 

glutarate dehydrogenase and malate dehydrogenase. 

95.lVhat are sources of oxaloacetate? 

A. Oxidation of malate, transamination of aspartate (by AST), 
carboxylation of pyruvate, cleavage of citrate (by citrate lyase) 

96. What are Fate of oxaloacetate? 

A. Formation of citrate (by citrate synthase), reduction to malate(hy 
malate dehydrogenase) and transamination into aspartic acid (by 
AST). 

97-What are sources of succinyi CoA? 

A. Oxidation of odd number fatty acids, citric acid cycle and 
catabolism of isoieucirte, valine and methionine amino acids. 

98.What are fate of succinyi CoA? 

A. Glucose synthesis (gluconeogenesis), heme synthesis, oxidation 
in citric acid 1 cycle, activation of ketone bodies and detoxication. 
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99*Gfve example of substrate level phosphorylation in Krebs' cycle? 

A. The step succinyl CoA to succinate catalyzed by succinate 
thioklnase enzyme, 

100- What is Pasteur effect? 

A, It is the inhibition of glycolysis (anaerobic oxidation) by the 
presence of oxygen* 

101, What are the steps in which carbon dioxide is liberated , during 

the oxidation of glucose? 

A, Pyruvate dehydrogenase, isocitrate dehydrogenase, a- 
ketoglutarate dehydrogenase. 

102, Give examples of a-hetoacids as a source of C0 3 ; 

A* Pyruvic acid (Acetyl CoA + CO*), a-Ketoglutarate (TCA) 
(Succinyl CoA + CO?), and o xaJ o-s u cci n a te (TCA) (a- 

ketogfutrate + C0 2 )< 

103* Give examples of amino acid decarboxylation as a source of C0 2 ; 

A* Glutamic acid -4 GABA + C0 3p histidine -> histamine + CO? and 
tyrosine —► dopamine + CO; 

104* What are sources of COj? 

A* a-Ketoacids, decarboxylation of amino acids, fermentation, 
pyrimidine catabolism and pentose phosphate pathway. 

1 OS- What are fate of C0 2 ? 

A* Carboxylation of the following substrates: pyruvate to 
Oxaloacetate (gluconeogenesis), acetyl CoA to malonyl CoA 
(fatty acid synthesis), ammonia, ATP to carbamoyl phosphate 
(synthesis of urea and pyrimidine), formation of C 6 of purine 
and synthesis of bicarbonate buffer. 

106, IVhaf are vitamins needed for CAC? 

A* Vitamin B2, niacin, thiamin (Bi) and pantothenic acid. 

107* What is the role of vitamin B2 in CAC? 

A, formation of FAD, it Is the coenzyme for a-ketoglutarate 
dehydrogenase complex and succinate dehydrogenase* 
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(OS. What is the role of vitamin niacin in CAC? 

A- formation of NAD*, it is the coenzyme for isocitrate 

dehydrogenase, a-ketoglutarate dehydrogenase complex, and 
malate dehydrogenase. 

L09. What i$ the role of vitamin thiamin in CAC? 

A. Formation of TPP. It is coenzyme for pyruvate dehydrogenase and 
a-ketoglutarate dehydrogenase. 

1 10. What is the role of vitamin pantothenic acid in CAC? 

A. Pantothenic acid as a part of CoA. It is attached to carboxylic 
residues of acetyl CoA and succinyl CoA. 

111. What are key enzymes of citric acid cycle? 

A. Citrate synthase, isocitrate dehydrogenase and 

a-ketoglutarate dehydrogenase. 

N 2. Woiv CAC cycle is regulated? 

A. Through availability of ATP, NADH* t acetyl CoA, citrate, succinyl 
CoA, oxaloacetate, and long chain acyl CoA. 

1 13. Wow can ATP and NADH + H' regulate citric acid cycle? 

A. They inhibit all key enzymes of CAC. 

[ 14, What are mechanisms of regulation of citric acid cycle? 

A. Citrate synthase is stimulated by acetyl CoA, oxaloacetate. ADP 
and NAD' and inhibited by long chain acyl CoA, citrate, 
succinyl CoA, ATP and NADH + H*. Isocitrate dehydrogenase and 
a-Ketoglutarate dehydrogenase are stimulated by NAD* and 
ADP and inhibited by NADH + H* and ATP. 

1 (5. Why does citric acid cycle need oxygen to proceed? 

A. Because in absence of oxygen respiratory chain is inhibited 
leading to increase NADH+H*/NAD. NADH+H* will inhibit TCA 
cycle. 

J 16. Pentose phosphate pathway use how much glucose? 

A, About 10% of glucose molecules per day are entering in this 
pathway. 

117, What is the purpose of pentose phosphate pathway? 

A, It generates NADPH + H* and pentoses. 
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118. What are the uses of pentoses in biological system7 

A. The pentose phosphates are necessary for synthesis of nucleic 
acids (DNA and RNA) and different nucleotidea. 

1 19, What is the use of NADPH * in biological systems? 

A. For reductive biosynthesis, 

120, What reductive biosynthesis pathways need NADPH+H ? 

A, Fatty acid biosynthesis, synthesis of cholesterol, steroid 
hormones. 

121. What are the tissues in which pentose phosphate pathway is 

significant? 

A. Liver, adipose tissue, RBCs, adrenal cortex, ovary, testis, 
mammary glands, lens. 

122* Why these tissues? 

A. Because they need NADPH + H* for reductive biosynthesis, 

123, Apart from reductive synthesis , NADPH+H* is used for what 

purpose? 

A, H is necessary to keep the integrity of RBC membrane, for 
keeping glutathione In reduced state, for keeping transparency of 
lens, and ft Is necessary for superoxide production Inside 
macrophages, 

(24. Which is the key enzyme of pentose phosphate pathway? 

A- Glucose-G-phosphate dehydrogenase. 

12 5. tVftaf is the hormonai controf over pentose phosphate pathway? 

A. Insulin stimulates the pathway by activating the key enzyme, 

126. What are other reguiators for pentose phosphate pathway? 

A. The key enzyme is also stimulated by NAOP* and inhibited by 
NADPH + H* and acetyl CoA. 

(27. What are enzymes that generate NADPH+H*? 

A. Glucose-6-phosphate dehydrogenase and 6-phosphogluconate 
dehydrogenase. 

128, What are sources of NADPH+H + ? 

A, Pentose phosphate pathway, action of malic enzyme on malate 
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and action of cytosolic isocitrate dehydrogenase on isocitrate. 

129. What about ATP generation? is NADPH+H is used foi that? 

A. No. NADPH+H* is not used for ATP generation* 

130+ What is the most common enzyme deficiency in man ? 

A+ Glucose-6-phosphate dehydrogenase deficiency. 

131+ What is the disease resulting from glucose ‘6- phosphate 
dehydrogenase deficiency? 

A. Favism, where there are excessive hemolysis of RBCs —> 
hemolytic anemia. 

132. Why deficiency of glucose- 6 -phosphate dehydrogenase enzyme 
causes anemia ? 

A* Deficiency of glucose-6 -P- dehydrogenase —> ^ NADPH,H 
production -5- i reduced glutathione -* Accumulation of H 7 0 2 -* 
Hemolysis of RBCs? 

133- Why N ? Oj causes hemolysis of RBCs? 

A- H ? Oj causes peroxidation of fatty acids present in RBCs 
membrane and converts hemoglobin into met-hemoglobin. 
Peroxides and met-hemoglobin are toxic compounds that increase 
the red cell membrane fragility. 

134, What is the mode of hereditary transmission of GPD deficiency? 

A. it is transmitted as an x-iinked recessive character. 

135, Is there any advantage of the abnormal gene of glucose-6- 
phosphate dehydrogenase? 

A. The geographical distribution of GPD deficiency correlates well 
with the malarial endemicity+ The GPD deficiency offers 
resistance to malarial infection. 

136, Acute hemolytic episode after administration of a ntim a laria I drug 
is due to what? 

A. Deficiency of glucose-6-phosphate dehydrogenase* 

137+ Transketotase activity Is decreased in the deficiency of what? 

A. Thiamine pyrophosphate (TPP). 

138- What is respiratory burst? 

A- Respiratory burst is the rapid consumption of molecular oxygen 
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due to Its conversion into superoxide. 

IJ9. What is the mechanism of respiratory burst? 

A. Phagocytic ceils contain an enzyme called NADPH, H* oxidase 
enzyme. After phagocytosis of microorganisms has occurred!, 
NADPH*, H* oxidase converts oxygen (0 2 ) derived from 
surrounding tissues into superoxide ions (0 ? ). Super oxide then, 
ts converted into HjOi and Hypochlorite (HOC)-} that KiJI 
bacteria. This is called respiratory burst. 

E 40. What are the functions of uronic acid pathway? 

A. It is used for conjugation of bilirubin, steroids, synthesis of 
glLtcosaminoglycans. 

14 K In lower animals as birds ( uronic acid pathway is used for what 

purpose ? 

A, For synthesis of ascorbic acid (vitamin C). 

142* What are fate of uridine diphosphate glucose ( UDP-G)? 

A, Glycogen synthesis, glucuronic acid synthesis* amino sugar 
synthesis and lactose synthesis 

143* tVhaf is essential pentosuria ? 

A* Excretion of pentose (L-xylufose) in urine duo to the deficiency of 
xylitol dehydrogenase. 

14 4. tYbaf is its importance? 

A* It does not produce any harm. But it gives a positive reaction to 
Benedict's test* so it should be differentiated from diabetes 
mellitus. 

145, What is gtuconeogenesis? 

A- Production of glucose from non-carbohydrate sources. 

146, What are those non-carbohydrate sources? (fcVhat are the 

substrates for gluconeogenesis?) 

A, Glucogenic amino acids, lactate, and glycerol. 

147. is propionate a substrate for gluconeogenesis? 

A. Yes, but this occurs only in ruminants* 

148. Can fatty acids synthesize glucose, and why? 

A- No* because acetyl CoA cannot be converted into pyruvate {the 
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reaction pyruvate to acetyl CoA is a totally irreversible), 

149, Gluconeogenesis is taking place in which tissue? 

A. Liver (90%) and kidney (10%). 

ISO* Blood glucose level can be raised by glycogenolysis mainly by 
liver T why? 

A, Glucose'6-phosphatase is present only in liver. 

151* What is the significance of gluconeogenesis ? 

A. Gluconeogenesis is necessary to maintain blood glucose level 
especially under conditions of starvation. 

152. Wfrar are functions of Gluconeogenesis? 

A, Supplies the body with giucose, which is essential source of 
energy during prolonged fasting and for tissues under anaerobic 
conditions, as nervous tissues, RBCs and skeletal muscles. 
Glucose Is the precursor of milk sugar (lactose) in mammary 
gland, Gluconeogenesis clears the blood from the waste products 
of other tissues as lactate (produced by muscles and RBCs). 

153, What is pyruvate carboxylase? 

A* The enzyme catalyzing the reaction, pyruvate to oxaloacetate. 

154. What are the key gluconeogenic enzymes? 

A * Pyruvate carboxylase* phosphoenol pyruvate carboxykinase, 
Fructose-1,6- bisphosphatase and Glucose-e-phosphatase, 

155, Pyruvate carboxylase reaction (pyruvate to oxaloacetate) needs 

which coenzyme? 

A, Biotrn and ATP. 

I 5ft . Mafate shuttle is used for what purpose? 

A. Reactions of gluconeogenesis are taking place in cytosol. Hence, 
the oxaloacetate has to be transported from mitochondria to 
cytosol. This is achieved by the malate shuttle, 

157. What is the energy cost of conversion of 2 molecules of lactate 

into glucose (gluconeogenesis)? 

A. 6 ATP and 2 IMADH + H" 
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158, What are the sources of these ATP molecules? 

A. (t} Two Pyruvate Two oxaloacetate. (-2ATP}, (2) Two 
Oxaloacetate Two phosphoenolpyruvate (-2 ATP}, {3) Two 3 
Phosphoglycerate Two 1,3 Bisphosphogfycerate (-2 ATP}, (4} 
Two NADH+H*: Two 1,3 blsphosphoglycerate 

Two Glyceraldehyde-3-pho$phate (2 NADH+H”). 

159, What are mechanisms of regulation of gluconeogenesis? 

A- Hormonal regulation, ATP and acetyl CoA regulation. 

160, What are hormones stimulating gluconeogenesis? 

A. Glucocorticoids and glucagon. 

161, What are hormones inhibiting gluconeogenesis? 

A, Insulin. 

162, How can glucocorticoids regulate gluconeogenesis? 

A. They stimulate synthesis of all key enzymes of gluconeogenesis. 
Glucocorticoids stimulate also protein catabolism by tissues. 

S63. What about insulin? 

A. Insulin inhibits gluconeogenesis. It acts as repressor (inhibitor) 
for synthesis of enzymes of gluconeogenesis, 

164. What are roles of ATP and acetyl CoA? 

A. ATP stimulates gluconeogenesis by stimulating fructose 1,6 
bisphosphatase. Acetyl CoA stimulates pyruvate carboxylase, 

165. What are sources and fate of pyruvate? 

Sources: Glucose oxidation (glycolysis), lactate (by lactate 
dehydrogenase}, mafate (by malic enzyme}, alanine (by 
transamination}, serine (by non-oxidative deamination) and other 
amino acids (methionine, cysteine, threonine and glycine). 

Fate: Glucose formation (Gluconeogenesis}, lactate formation (by 
lactate dehydrogenase}, malate formation (by malic enzyme), alanine 
formation (by transamination), oxaloacetate formation (by pyruvate 
carboxylase). 

166. What are functions of Glycogen? 

A, Liver glycogen maintains normal blood glucose concentration 
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especially during the early stage of fast (between meaJs). Muscle 
glycogen gives energy within the muscle itself especially during 
muscle contractions. 

(67, What is glycogenoiysis ? 

A. Degradation of glycogen to glucose. 

168, Muscle glycogen will not serve as a precursor of blood glucose , 

why? 

A, Due to absence of glucose-6-phosphatase enzyme. 

169, What is the main enzyme for glycogenoiysis ? 

A. Glycogen phosphoryUse. 

170, What will activate glycogen phosphoryiase? 

A, Adrenalin, glucagon, cyclic AMP. 

171, What is the mechanism of action of adrenaline? 

A + Adrenaline increases cyclic AMP level, which activates glycogen 
phosphoryiase, 

172, What is gfycogenesis ? 

A, Glycogen synthesis, 

1 73. What is the main enzyme for glycogenosis ? 

A- Glycogen synthase, 

174. What will activate glycogen synthase? 

A. Insulin. 

175. What is the mechanism of action of insulin? 

A* Stimulation of phosphodiesterase enzyme Converts cAMP 

to AMP -P Stimulation of glycogenests. Insulin also stimulates 
phosphatase enzymes 4 Converts phosphorylated glycogen 
synthase into active dephosphorylated one ^ Stimulation of 
gfycogenesis. 

176. In the glycogen synthesis , which is the active glucose 

derivative? 

A. UDP-gIucose. 

177. What are glycogen storage diseases? 

A. These are group of inherited disorders characterized by deposition 
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of abnormal type or quantity of glycogen In the tissues, 

178, What are causes of glycogen storage diseases? 

A, Deficiency of one of enzymes of glycogen metabolism. 

179, Give example of glycogen storage diseases? 

A* Type I or Von GierKe’s disease, 

180, Which is the defective enzyme in Von Gierke's disease (glycogen 

storage disease type !}? 

A, Glucose-6-phosph atase. 

181* What is the main characteristic clinical feature of von Gierke's 

disease? 

A, Fasting hypoglycemia, which does not respond to adrenaline is 
very characteristic, 

182* What are manifestations of Von Gierke's disease ? 

A. Fasting hypoglycemia, accumulation of large amounts of 
glycogen in liver, with subsequent disturbance of liver functions, 
enlargement of liver s ketosis, hyperlipidemia, and Hyperuricemia 
{t plasma uric acid}. 

183* What are the functions of galactose? 

A. Galactose {UDP-galactose] enters In the structure of lactose 
( = milk sugar), glycoilpids, glycoproteins and proteoglycans. 

184. What is galactosemia? 

A* It is increased blood galactose concentration due to inability to 
metabolize galactose* 

185. What are the features of galactosemia? 

A. Congenital cataract, mental retardation, neonatal hypoglycemia, 
hepatosplenomegaly, positive Benedict's test. 

186* What is the disease resulting from deficiency of gaiactose-1- 

phosphate uridyl transferase enzyme? 

A* Galactosemia. 

187* What are other causes of galactosemia? 

A* Deficiency of galactokinase and UDP*galactose eplmerase. 
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1 88. What Is the treatment policy In galactosemia? 

A. Lactose free diet is given for first five years of life. 

189. Why five years, why life-long treatment is not required? 

A. By five years, the alternate pathway (galactose-f-phosphate 
pyrophosphorylase) becomes active. 

190. How lactose is synthesized ? 

A. UDP glucose is epimerased to UDP galactose. Then the galactose 
unit is transferred from UDP-galactose to glucose. This synthesis 
of lactose in mammary gland is catalyzed by lactose synthase. 

|9I* How lactose synthesis is regulated? 

A* The lactose synthase has two subunits, a catalytic subunit which 
is a galactosyl transferase and a modifier subunit that is a- 
lactalbumin. The level of the modifier subunit is under the control 
of prolactin, 

192, What is lactosuria? 

A, It is observed in the urine of normal women during 3 fd trimester 
of pregnancy and during lactation* 

[93* What is the dinicaf importance of lactosuria? 

A. The condition is harmless, But it is important to distinguish 
lactosuria from glucosuria when gestational diabetes meHltus is 
suspected. 

[94 + M/ft a f are functions of fructose? 

A. Energy production (15% of daily energy is derived from fructose), 
Fructose also is the major energy source for spermatozoa in the 
seminal vesicle. 

195, Fructofe/nase catalyses which reaction? 

A* Fructose to fructose-1 -phosphate. 

196. What is the disease resulting from deficiency of Aldolase B 

enzyme? 

A* Hereditary fructose intolerance, where there is accumulation of 
fructose-1-phosphate. 

3 97, What are manifestations of hereditary fructose intolerance? 

A, Liver cell failure, renal failure and fasting hypoglycemia. 
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198. What is the cause of fasting hypoglycemia? 

A, Due to inhibition of glycogen phosphoryiase. This leads to 
inhibition of glycogenolysis and hypoglycemia. 

199. What is the disease resulting from deficiency of fructokinase 
enzyme? 

A. Essential fructosuria. 

200. Is essential fructosuria is harmful like hereditary fructose 
intolerance ? 

A. No, it is a benign metabolic defect due to deficiency of 
fructokinase. Urine gives positive Benedict's test, and so it 
should be differentiated from diabetes mellitus. 

201. Free fructose is seen in which body fluid? 

A, Seminal plasma. 

202. What is the clinical application of fructose estimation in semen? 

A. Fructose is secreted by seminal vesicles. A block In seminal 
vessels is indicated by the absence of fructose in semen. 

203. What is the level of fasting blood glucose in a normal person? 

A. 65-110 mg I dt. 

204. What is the level of blood glucose Z hours after carbohydrate 
meal in a normal person? 

A. 65-140 mg I dl. 

205. tVhaf are sources of blood glucose? 

A. Dietary carbohydrate, liver glycogen, amino acids, and other 
metabolites [gluconeogenesisj. 

206. How can regulation of blood glucose be achieved? 

A. By hepatic, hormonal, and renal regulations. 

207. What is the role of liver in regulation of blood glucose? 

A. After meal glucokinase and glycogen synthase are stimulated 
leading to glycogenesis. During fasting liver add blood glucose 
by glycogenolysis and gluconeogenesis. 

2 08. Which hormone is hypoglycemic? 

A. Insulin. 
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209. Where is insulin synthesised? 

A. Beta cells of islets of Langerhans of pancreas. 

210, What are the anti-insulin (hyperglycemic) hormones? 

A. Glucagon, adrenaline, corticosteroids, and growth hormone. 


211. How is insulin secretion controlled? 

A. Glucose is the major stimulant of insulin secretion. 

212, What are the major actions of insulin? 

A. insulin decreases blood sugar, it stimulates glucose uptake by 
cells, and glycolysis. It inhibits gluconeogenesis, giycogenolysis 

and lipolysis. 


213 . 

A, 


What are the structural features of insulin? 

Insulin is a protein hormone with two polypeptide chains, the A 
chain with 21 amino acids and the B chain with 30 amino adds. 
Both chains are joined together by a pair of disulfide bonds. It 
has a total of 51 amino acids. 


2 I 4- What is the structural feature of insulin receptor? 

A. Insulin receptor has four subunits, two alpha and two beta 
subunits. The alpha units are located on the extracellular side, to 
which insulin binds. The beta subunits are towards cytoplasmic 
side. Beta subunit has tyrosine kinase activity. 


2 1 5. What are the major actions of glucagon? 

A. Glucagon increases blood sugar, it inhibits glycolysis. It 
stimulate giycogenolysis, gluconeogenesis and lipolysis. 


216. What are the pathways stimulated by insulin? 

A. Glycolysis, glycogen synthesis, pentose phosphate pathway, and 
lipogenesis. 

21 7. Name important enzymes that are stimulated by insulin. 

A. phosphofructokinase, glycogen synthase, glucose-6-phosphate 
dehydrogenase, acetyl CoA carboxylase. 


218. What are the pathways inhibited by insulin? 

A. Giycogenolysis, gluconeogenesis, lipolysis, and ketogenesis. 
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219. What are the important enzymes inhibited by insulin? 

A. Glucose-6-phosphatase, glycogen phosphorylase, hormone 
sensitive triacyl glycerols lipase. 

220. What does diabetes mean? 

A. Diabetes means increased daily urirte volume above normal 
concentration. 

221. What are types of diabetes? 

A. Diabetes mellitus, diabetes insipidus, bronze diabetes and 
diabetes innocence. 

222. What is diabetes mellitus? 

A. It is a state of chronic hyperglycemia, usually accompanied by 
glycosuria. It is caused by a relative or absolute deficiency of 
insulin hormone. 

223. How diabetes mellitus is classified? 

A. Type 1 and type 2, 

224. Wbaf is the main deference between type I and Type II? 

A, In type 1 there is absence of insulin, while in type 2 there is 
relative deficiency of insulin. 

225. Whaf are the characteristic features of type 1, diabetes mellitus? 

A. Here circulating insulin level is deficient or absent. These 
patients are dependent on insulin injections. Onset is during 
childhood. Patients are undernourished. They are more prone to 
developing ketosis. 

226. What about type 2 diabetes mellitus? 

A. 80% of the patients belong to this type. There is a relative insulin 
deficiency. It is commonly seen in individuals above 40 years. 
These patients are less prone to developing ketosis. 

227. What are the main symptoms of diabetes meilitus? 

A. Polyuria, polydypsia, polyphagia and weight loss. 

228. What is the reason for polyuria in diabetes mellitus? 

A. When the blood glucose level exceeds the renal threshold, (1 BO 
mg/dl) glucose Is excreted in urine. Due to osmotic effect, more 
water accompanies the glucose. 
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229. What is the reason for polydypsia in diabetes meihtus? 

_ , t tKi* Inee nf water thirst centre is activated, 

A. To compensate for this loss ot water, im 

and more water is taken (polydypsia). 

230. What is the reason for weight loss in diabetes me 

A. Insulin deficiency causes excessive fipoiysis. This would lead to 
loss of weight. 

231. What is the reason for polyphagia m diabetes meilitus? 

A. To compensate the loss of glucose and protein,patient takes 
more food. 


232, What are the criteria for diagnosing diabetes meilitus? 

A. Fasting plasma sugar is more than 126 mg/tfl, or, if 2-hour post 
glucose load, value is more than 200 mg/dl. 

233. What is impaired glucose tolerance (ICT)? 

A, When fasting plasma glucose level is between 110 and 126 mg/dl 
and 2-hotir post-glucose value is between 140 and 200 mg/dl. 


234. Can you diagnose diabetes meilitus based on random blood 
glucose estimation? 

A. Diabetes is diagnosed, if the random plasma sugar level is mare 
than 200 mg/dl, 


235. When a standard oral glucose tolerance test was done, the blood 
glucose levels of the patient were found as: 0 min = 130 mgJdt and 
120 min = 220 mg/dl. What wilt be your diagnosis? 


A. Diabetes meilitus. 

230. What is the major indication for doing an oral glucose tolerance 
test (OGTT)? 

A. Patient has symptoms suggestive of diabetes meilitus, but 
fasting blood sugar value is inconclusive (between 100 and 126 
mg/dl). 

237, What are the WHO criteria for diagnosis of diabetes meilitus 
using oral glucose tolerance test? 

A, Fasting plasma glucose is greater than 126 mg/dl. At least, one of 
the Intermediate (30, 60, 90 min) plasma specimens has plasma 
glucose greater than 200 mg/dl. 
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238. How can renal threshold for a person be evaluated? 

A. By doing oral glucose tolerance lest. 

239, What is the best method for glucose estimation? 

A, Glucose oxidase peroxidase (GOD-POP) method, 

240* What is normal renal threshold for glucose? 

A, 1 80 mg/1 00ml. 

241 » What is glycosuria (giucosuria) ? 

A, Presence of glucose In urine. 

242, What are types of glycosuria? 

A, Diabetic glycosuria (due to insulin deficiency}, pregnancy 
glycosuria (in 20% of pregnancies), diabetes innocence quo to 
defect in tubular renal reabsorption of glucose and transient 
glycosuria, 

243, What is transient giucosuria? 

A. It may occur in some people due to emotional stress. Excessive 
secretion o! catecholamines will produce hyperglycemia and 
resultant giucosurta. Once the stress is removed, the glycosuria 
disappears. 

244* What is renal glucosuria (diabetes innocence)? 

A, Here glucose is excreted in urine due to a lowering of renal 
threshold. The blood sugar levels are within normal limits, 

245, What are the reducing substances seen in urine? 

A* Glucose, fructose, lactose, galactose, pentoses, ascorbic acid, 
glucurontdes. 

246. What is the test for reducing sugars in urine? 

A. Specific by using strips containing glucose oxidase or 
nonspecific as Benedict's test. 

247* Whar are the acute complications of diabetes meliitus? 

A* Ketoacidosis, hyperosmolar nonketotic coma t tactic acidosis. 

248* What are the chronic complications of diabetes meliitus? 

A* Atherosclerosis, thrombosis, paralysis, gangrene, 
microangiopathy, nephrosclerosis, cataract, peripheral 
neuropathy* 
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249. What is microalbuminuria? 

A. It is the presence of albumin in urine in concentration of 30 to 
200 mg/day. It indicates the start of renal damage, atherosclerotic 
diseases and cardiovascular mortality. Albumin more than 200 
mg/day indicates frank diabetic nephropathy. 

250. W/jaf is the difference between gtycosylstion and glycation? 

A. Enzymatic addition of any sugar to a protein is called 
"glycosylation" while non-enzyuiatic process is termed 
"glycation” 

251. What is the basis of glycation? 

A. When there is hyperglycemia, proteins in the body may undergo 
glycation. It is a non-enzymatic process. Glucose is added to the 
N-terminai amino group of proteins. 

252. What is the significance of glycated hemoglobin? 

A. The determination of glycated hemoglobin is not for diagnosis of 
diabetes meilitus, but for monitoring the response of treatment. It 
is unaffected by recent food intake or recent changes in blood 
sugar levels. An elevated glyeo hemoglobin indicates poor control 
of diabetes meilitus. The risk of retinopathy and renal 
complications are proportionately increased with elevated 
glycated hemoglobin. 

253- Why excessive intake of alcohol produces hypoglycemia? 

A. Because ethanol inhibits g fuconeogenes is. 

254. Wfraf are types of coma in diabetes meltitus? 

A, ketotic coma, hyperglycemic-hyperosmofat coma, and lactic 
acidosis coma. 

255. May hypoglycemic coma occur in diabetic patients? 

A. Yes, if a diabetic patient is treated by excessive amount of 
insulin 

256. Neonatal hypoglycemia is seen in which conditions? 

A. Glycogen storage disease, type I, galactosemia* fructose 
intolerance. 

257. What are the high energy compounds formed through glucose 

oxidation that release energy upon hydrolysis? 

A. 1.3 Dfphosphoglycerate (phosphate bond), phosphoenolpyruvate 
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(phosphate bond), acetyl CoA (sulfate bond), succinyl CoA 
(sulfate bond), 

258. What are congenital disorders in carbohydrate metabolism? 

A. Diabetes melNtus, lactose Intolerance, pyruvate kinase 
deficiency, hexokinase deficiency, favism, essential pentosuria, 
galactosemia, essential fructosemia, hereditary fructose 
intolerance and Glycogen storage diseases e.g, Von Gierke's 
disease. 

259. In glycoproteins, carbohydrate residues are attached to which 
group ot (he polypeptide chain? 

A. Hydroxyl group of serine or threonine. 

269. What is fate of glucose~$~phosphate in the body? 

A, Glycolysis, pentose phosphate pathway, uronic acid pathway, 
glycogenesis and lactose synthesis. 

261, Compare between penfose phosphate pathway and glycolysis. 



HMP Pathway 

Glycolysis 

Location 

In certain cells 

In ell cells 

Oxidation of 

Occurs in the first 

Phosphorylation occurs 

glucose 

reaction 

first then oxidation 

Copniymes 

N ADR* 

NAD* 

Energy 

No energy production 

2 or 8 ATP 

CO; 

Produced 

Not produced 

Pentoses 

Produced 

Not produced 

production 




262, Compare between malate dehydrogenase and malic enzyme 



Malate dehydrogenase 

Malic enzyme 

Substrate 

Malate 

Same 

End product 

Oxaloacetate 

Pyruvate 

C oenzyme 

NAD* 

NADP* 

Location 

Cytosol and mitochondria 

Cytosol 
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263, Compare between aerobic and anaerobic glycolysis. 



Aerobic 

Anerobic 

End product 

Pyurvate 

Lactate 

Energy 

6 or 8 ATP 

2 ATP 

! Regeneration of 

NAD* 

Through respiratory 

Chain in mitochondria 

(Glycerophosphate and 

aspartate^malate 

shuttles] 

Through factate 

formation in cytosol 

(Pyruvate -> Lactate) 

Availability to 

TCA in 

mitochondria 

Available, and 2 

pyurvate can be 

oxidized to give 30 ATP | 

Not available as 

lactate is a cytosolic 

substrate 


264* Compare between lactose, lactase, lactate, lactate dehydrogen¬ 
ase and lactose synthase 


Substance 

Function 

Lactose 

Miik s ugar-d isaccha rl de {gJucose + galactose) 

Lactase 

Intestinal enzyme. Digest lactose into glucose 
and galactose. 

Lactate 

End product of anaerobic glycolysis. 

Lactate 

dehydrogenase 

Enzyme that converts lactate into pyurvate and 
vice versa 

Lactose synthase 

Enzyme present in mammary gland. ft 
catalyzes lactose formation. 


shuttle and mat ate- 


aspartate shuttle. 



Glycerophosphate 

shuttle 

Malate- aspartate 

shuttle 

Coenzymes 

NAD' for cytoplasmic 
glycerophosphate 

dehydrogenase and 

FAD for mitochondrial 

glycerophosphate 

dehydrogenase. 

NAD* for both 

cytoplasmic and 

mitochondrial mafate 

dehydrogenase 

Energy 

! produced by 

res pirate ry 

chain 

2 ATP 

3 ATP 

tirgan location 

Muscle and nerves 

Liver and heart 


Scanned by CamScanner 













































261 


Carbohydrate metabolism 


266, Compare between synthase and synthetase enzymes. 



Synthase 

Synthetase 

Class 

Transferase 

Ligase 

Utilization of 

ATP or GTP 

Does not utilize high 

energy phosphate 

Utilize high energy 

phosphate tn the 

reaction 

Example 

Citrate synthase- 

Glycogen synthase 

Glutamine synthetase 


267, Compare between liver glycogen and muscle glycogen. 



LIVER GLYCOGEN 

MUSCLE GLYCOGEN 

Sources 

* Blood glucose 

* Other hexoses c.g, 

fructose 

* iMoncarbohydrate 

sources e,g, lactate 

• Blood glucose only 

Amount 

1 20 g maximum 

400 g maximum 

Concentration 

6 % of liver weight 

1 % of muscle weight 

Function 

Supply ail body cells with 

glucose 

Private source of 

energy for muscles 

only. 

End product 

Glucose 

Lactate 

Effect of 

hormones 



* Insulin 

Stimulates glycogenesis 

Same 

* Epinephrine 

Stimulates gtycogenolysis 

Same 

• Glucagon 

Stimulates gtycogenolysis 

No effect 


268. Compare between types l and II of diabetes metlitus. 



Type 1 (iDDM) 

Type M (NIDDM) 

Age of onset 

Usually during 

childhood 

Usually after age 3 5 

Nutritional status 

Undernourished 

Obese 

Prevalence 

10-20% 

80-90%, 

Genetic 

background 

Moderate 

Very strong 

Defect or 

deficiency of 

Insulin 

No insulin due to 

destruction of P-cellS 

Decreased secreted 

insulin or insulin 

resistance 
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269* 


Ketosis 

Common 

Rare 

Plasma insulin 

Low or absent 

Normal to high 

Acute 

complications 

1 Ketoacidosis 

Hyperosmolar coma 

Oral 

hypoglycemic 

drugs 

No response 

Responsive 

Treatment with 

insulin 

Always necessary 

Usually not required 


Compare between glucohinase and hexokinasc. 



Glucokinase 

Hexokinase 

Site 

Liver 

All tissue cells 

Affinity to 

! glucose 

Low (high Km) 

High (low Km) 

Substrate 

Glucose only 

Glucose t galactose and 

fructose 

Effect of insulin 

Induces synthesis of 

glucokinase 

No effect 

Effect of G 6-P 

No effect 

Inhibits hexoki nase 

allosterically 

Function 

Acts in liver cells after 

meals, It removes 

glucose coming in 

portal circulation 

converting it into G-6-P 

It phosphorylates 

glucose inside the 

cells. This makes 

glucose concentration 

more in blood than 

inside the cells -s* 

Continuous supply of 

glucose for the tissues 

even in the presence of 
low blood glucose 

concentration. 
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fWCQs Matching, True and Take and 
Completion 

Select and encircle the most appropriate answer or 
completion: 


1- The action of a-amylase on dietary starch produces ait the following 
compounds EXCEPT: 

A. Maltose 

B. Lactose 

C. Amylodextrin 

D. Achrodextrin 

E. Isom alto se 

2. All the following abouf glycolysis is true EXCEPT! 

A + NAD* is required as a coenzyme. 

B. There is a net energy production. 

C. Occurs in cytosol. 

D. C0 3 is produced. 

E« 2,3 Bisphosphoglycerate may be produced in RBCs. 

3. Which of the following comparison between hexokinase and 

glucokinase is FALSE : 

A, Only hexokinase is Inhibited by glucose*6-pbosphate 
Bp Only glucokinase is present in the brain 

C. Synthesis of glucokinase -and not hexokinase* is induced by 
insulin 

D. The MichaeMs constant of hexokinase for glucose is much smaller 
than that of glucokinase 

E. Hexokinase is present in most tissues 

4. The activity of phosphofructokinase-1 can be decreased by all the 

following EXCEPT : 

A. ATP 
Bp Citrate 
C. Glucagon 

Dp Fructose 2,6 bisphosphate 

5. An example of susbstrate level phosphorylation is the reaction 

catalyzed by: 

A. Glucose-6*phosphate dehydrogenase 

B. Glycerldehyde*3-phosphate dehydrogenase 

C. Pyruvate kinase 

D. Pyruvate dehydrogenase complex 

E. Pyr uvate carboxylase 

6. An enzyme not involved in glycolysis is: 

A. Aldolase 

B. a-Glycerophosphate dehydrogenase 

C. Enolase 

D. Pyruvate Kinase 

E. Phosphoglycerate mutase 
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7. Fluoride is art inhibitor of which of the following enzymes of the 

pathway of glycolysis: 

A. Hexokinase 

B. Aldolase 

C. Pyruvate kinase 

D. Enolase 

E. Phosphhexose isomerase 

8. The Cori cycle may be described as: 

A. The interconversion between glycogen and gfucose-1-phosphate 

B. The synthesis of alanine frotn pyruvae in skleal muscles and the 
synthesis of pyruvate from alanine in the liver 

C- The synthesis of urea in liver and degradation of of urea to 
carbon dioxide and ammonia by bacteria in gut 

D. The production of lactate from glucose in peripheral tissues with 
the resynthesis of glucose from lactate in liver 

E. None of the above 

9. Transport of glucose across the cell membrane is stimulated by 

insulin in: 

A. Brain 

B. RBCs 

C. Liver 

D. Skeletal muscles 

tO- Oxidative decarboxylation of pyruvate requires: 

A. Thaimin pyrophosphate. 

B. NADP*. 

C. Pyrodixal phosphate. 

D. Biotin. 

E. Cytochrome P 450. 

11. Pyruvate dehydrogenase complex enzyme is inhibited by the 
following EXCEPT : 

A. Acetyl CoA 

B. ATP 

C. NAD + H* 

D. Insulin 

E. Calcium ions 

12. Which of the following enzymes is NOT involved in the citric acid 
(hrebs 1 ) cycle 7 

A. Fumarase 

B. Isocitrate dehydrogenase 

C. Succinate thiokinase 

D. Pyruvate dehydrogenase 

E. Aconitase 

13. AH the lettered steps of citric acid 
cycle in the diagram shown beside 
donates a reduced coenzymes 
EXCEPT : 

A. A 

B. B 

C. C 

D. D 

E. E 
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14. Which step of citric acid cycle In the diagram shown below donates 
ATP by substrate level 
phosphorylation: 

A. A 

B. B 

C. C 

D. D 

E. E 



15. Which of the following statements about the citric acid cycle is 
TRUE : 

A. It contains no intermediates for gluconeogenesis 

B. It contains intermediates for amino acids synthesis 

C. It generates fewer molecules of ATP than glycolysis per mole of 
glucose consumed 

D. it is an anaerobic process 

E. It is a major anabolic pathway for pentose synthesis 

16. How many high energy compounds (ATP and GTP) are required to 
convert two molecules of lactate into glucose in mammalian liver 

A. Two 

B. Three 

C. Four 
0. Five 
E. Six 

17 . All the following substrates can be used to give glucose by 
gluconeogenesis EXCEPT.: 

A. Aspartic acid 

B. Glutamic acid 

C. Succinyl CoA 

D. Leucine 

E. Gtycerol 

16. In the figure shown beside, 
frucose 1,6 bisphosphate is 
located at point: 

A. A 

B. B 

C. C 

D. D 

E. E 


Glucose 




^ Glucose^-p 


Phosphohexots 

isomefase 



Dihydro sty- 
aceton P 
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19, In which of the following steps of tricarboxylic acid cycle, a high 
energy compound (ATP) is synthesized at the substrate level: 

A, Citrate —* a-Ketog!utara£e 

B, o-Ketoglutarate —* Succinyf CoA 
C* Succinyl CoA -* Succinate 

D. Fumarate Malate 

E. Malate —* Gxaloacetate 

20, In the pathway beside, ATP is 
produced between: 

A. A-B 

B. B C 
C* C-D 

D* F and 2-phosphoglycerate 
E, G-H 


21* Which of the following metabolic pathway POES NOT occur in 
mitochondria? 

A. Citric acid cycle 

B. Electron transport chain 

C. Glycolysis 

D. Oxidative decarboxylation of pyruvate 

E. Oxidative deca rboxylation of a-kelogiutaraEe 

22. All the following compounds contain a high energy phosphate bond 
EXCEPT : 

A. ADR 

B. Creatine phosphate 

C. Glucose-6-phosphate 

D. Phosphoenol pyruvate 

E. 1,3 Bisphosphoglycerate 

23. The net number of ATP molecules formed per molecule of glucose in 
aerobic oxidation in hepatic cell is: 

A. 2 

B. a 

C. 18 

O. 38 
E, 54 

24. The fructokinase reaction produces which of the following 
intermediates? 

A. Fructose-1 -phosphate 

B. F ructose-B-phos phate 

C. Fructose~1 p 6 bisphosphate 

D* Glyceraldehyde and dihydroxyacetone phosphate 
E, Glyceraldehyde-3-phosphate and dfhydroxyacetone phosphate 

25. Alt the following enzymes involved in citric acid cycle EXCEPT : 

A* Fumarase 

B. Isocitrate dehydrogenase 

C. Succinate thiokinase 

D. Pyruvate dehydrogenase 

E. Aconitase 


Glucose i A 

-► B -> C 



| f4_ 

E 4- - 0 +4 DihydrpKyatetune 

/ 

Phio-sphats 

2-PhGsphogiyepraTe 

1 


i 

0 

1 

Glycolytic pathway 

H —— J> LaclJc sdd 
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26. Ail of the following are Intermediates of tricarboxylic acid cycle 
EXCEPT : 

A. Citrate 

B. Malate 

C. Propoinyl CoA 

D. a-Ketoglutarate 

E. Oxaloacetate 

27. Which of the following is NOJ_ enzyme of gluconeogenesis: 

A. Glucose-6-phosphatase 

B. Fructose 1,6 bisphosphatase 

C. Phosphenol pyruvate carboxykinase 
0. Pyruvate kinase 

E. Pyruvate carboxylase 

28. cAMP activates: 

A. Glycogen synthase 

B. Hexokinase 

C. Protein kinase 

D. Adenylate cyclase 

E. Phosphofructokinase-1 

29. All the following are true about glucuronic acid EXCEjPTj 

A. It is conjugated to some compounds making them more soluble 
before excretion 

B. It forms bilirubin glucuronides 

C. It enters in the synthesis of glycosaminoglycans 

D. It is a precursor of L-ascorbic acid in man 

E. End product is L-xyluloso which then join the pentose phosphate 
pathway. 


30. Gafacfosemia results from deficiency of ; 

A. Glucokinase 

B. Fructose 1,6 bisphosptiatase 

C. UDP-glucuronyl transferase 

0. Galactose-1-phosphate uridyl transferase 

E. Galactose reductase 

31. G/uconeogenesfs enzymes include all the fo//ow;'ng EXPERT : 

A. Frucose 1,6 bisphosphatase 

B. Glucose-6-phosphatase 

C. Ph os p h o e n o I pyruvate carboxykinase 

D. Phosphoglucomutase 

E. Pyruvate carboxylase 

32. A substance that is NOT an intermediate in the formation of 
glucuronic acid from glucose is: 

A. UDP-galactose 

B. UDP-glucose 

C. Glucose-6-phosphate 
0. UDP-glucuronic acid 

E. Giucose-1-phosphate 
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33- Essential pentosuria is characterized by: 

A r Excretion of arabinose. 

0. Excretion of ribitoi 

C. Excretion of trxylulose. 

D, Fructosuria. 

E„ Galactosuria. 

34. Dehydrogenases of pentose phosphate pathway require: 

A, NAD* 

B, NADP" 

0- FAD 

D, FMN 

E. TPP 

35. The major process responsible for maintaining blood glucose 40 
hours after last meal is: 

A. Glycolysis 

B. Uremic acid pathway 
CL Glycogenolysis 

D. The pentose phosphate pathway. 

E, Gluconeogenesis 

36. The major process responsible for maintaining blood gtucose 4 
hours after last meal is: 

A. Glycolysis 
EL Uronic acid pathway 

C. Glycogenolysis 

D. The pentose phosphate pathway. 

E. Gluconeogenesis, 

37. Fructose and galactose enter the liver and are phosphorylated at 
carbon: 

A. 1 

B. 2 

C. 3 

D. 5 

E. 6 

38. Each of the following enzymes is required for the conversion of 
glycerol to glucose EXCEPT : 

A. Glucose-6-phosphatase 

B. GlyceroL3-phosphate dehydrogenase 

C. Phosphoervol pyruvate carboxykinase 

D. Fructose 1 t 6 bisphosphatase 

E. Phosphohexose isomerase 

39. Which of the following enzymes of glycolysis is utilized in 
gluconeogenesis: 

A. Glucokinase 
B- Phosphof rue to kinase 
C* Pyruvate kinase 

D. Aldolase 
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40, Ga/acfosem/a Is caused by: 

A. The high content of lactose In artificial feeding formula© for 
babies. 

B, Absorption of none digested lactose through intestinal mucosa. 
C* Excessive conversion of gluose-f-phosphate to galactose-1- 

phosphate. 

D. Deficiency of galactose-1-phosphate uridyl transferase. 

EL Deficiency of UDP glucuronyl transferase. 

41. In gfuconeogenesis each of the following is required for the 

conversion of pyruvate to phosphoenot pyruvate EXCEPT V 

A. Phosphoenol pyruvate carboxykinase. 

B. GTP. 

C. Pyruvate carboxylase, 

D. Pyruvate kinase. 

E. CO s 

4Z. Woiv many net molecules of ATP are generated when one molecule of 
glucose is oxidized (o lactate: 

A. 0 

B. 1 

C. 2 

D. 12 

E. 38 

43. In which compartment does glycolysis occur? 

A, The mitochondria 

B, The nucleus 

C, Cytosol 

D, The rough endoplasmic reticulum 

E, The smooth endoplasmic reticulum 

44. The following share in regulation of glycogen metabolism EXCEPT: 

A. cAMP 

B. Protein kinase 

C. Phosphodiestrase 

D. Adenylate cyclase 

E. Acetyl CoA 

45. All the following about glycogenolysis are true EXCEPT : 

A. It ts the breakdown of glycogen 

B. The end product is glucose in both liver and muscles 

C. It is stimulated by glucagon 

D. Von-Gierk's disease results from deficiency of glucose-6, 
phosphatase 

E. Phosphrylase acts on more than 4 glucosyl units branch 

46. All the following about the pentose phosphate pathway are true 
EXCEPT." 

A, There Is a net energy production of 6 ATP molecules 

B, NADPH+H* is produced that is essential for lipids metabolism 

C, Pentoses are produced. 

0. Deficiency of glucose-6-phosphate dehydrogenase leads to 
favism. 

E. its intracellular location is cytosoL 
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47. In glycolysis, NAD* can be regenerated in the cytosol if NADH+H* 
reacts with following EXCEPT : 

A. Dihydroxyacetone phosphate 

B. Oxaloacetate 

C. Pyruvate 

D. Lactate 

48. In glycolysis, one of enzymes that catalyzes the synthesis of ATP is: 

A. Hexokinase 

B. Glucokjnase 

C. Phosphofrukto kinase-1 

D. Glyceraldchyde-3-phosphate dehydrogenase 

E. Phosphoglycerate kinase 

49. One of irreversible reactions of glycolysis is that catalyzed by: 

A. Phosphohexose isomcrase 

B. Phosphofructokinase-1 

C. Aldolase 

D. Glyceraldehyde -3-phosphate dehydrogenase 

E. Phosphoglycerate mulase 

50. G/wcokinase; 

A. la found in muscles 

B. Has low affinity (high Km) to glucose 

C. AHosterically inhibited by glueose-6-phosphate 

D. Catalyzes a reversible reaction 

E. Its synthesis is induced by glucagon 

51. Which statement concerning the well fed state is CORRECT - ; 

A. Most enzyme is active in a phosphorySated form 

B. Hepatic fructose 2,6 bisphosphate is elevated 

C. Synthesis of glucokinase is repressed 

D. Synthesis of pyruvate dehydrogenase is repressed 

E. Glycogenolysts is stimulated 

52. Actions of fructose 2,6 bisphosphate include: 

A. Inhibition of pyruvate dehydrogenase 

B. Stimulation of phosphofructokinase I 

C. Stimulation of phosphofructokinase II 

D. Stimulation of glucokinase 

E. Inhibition of pyruvate kinase 

53. Complete oxidation of one molecule of glucose under anaerobic 
glycolysis gives: 

A. 2ATP 

B. 6 ATP 

C. 8 ATP 

D. 30 ATP 

E. 38 ATP 

54. In hepatic cells, the first step of glycolysis is catalyzed by; 

A. Glucokinase 

B. Fructokinase 

C. Galactokinase 

D. Pyruvate kinase 

E. Glucose-6-phosphate dehydrogenase 
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55. 1/on Gierke's disease is caused by defective: 

A. Amylo a 1,6 glueosidase. 

B + Branching enzyme 
C, a 1,4 gluccsidaso, 

D t Phosphorylaso, 

E, Glucoso-S-pho&phatase. 


56. Hereditary fruct 


A, 

Deficiency 

of 

B. 

Deficien cy 

of 

C. 

Deficiency 

of 

D. 

Deficiency 

of 

E. 

Deficiency 

of 


ose intolerance is due to: 

aldolase A 

aldolase B 

fructokinase 

fructose reductase 

hexokinase 


57. A 

A. 

B. 

C. 

D. 

E. 


naerobic glucose oxidation produces: 

Ono molecule of pyruvic acid 
Two molecules of pyruvic acid 
One molecule of lactic acid 
Two molecules of lactic acid 
Three molecules of lactate 


5B Degradation of fiver glycogen gives: 

A r Lactic acid 
Q. Pyruvic acid 

C. Glucose 

D. Acetyl CoA 

E. Glucuronic acid 


5 9 r Oxidation of acetyl CoA in Krebs' cycle produces. 

A. ATP 

B. 12 ATP 

C. 15 ATP 

D. 24 ATP 

E. 38 ATP 

6 0. Pentose phosphate pathway produces: 

A. ATP 

B. CO ? 

C* MADPH+H' 

D + NADH+H* 

E + FADH* 

SI Anemia associated with G-6-phosphate dehydrogenase deficiency is 
characterized by: 

A. Increased ratio of reduced to oxidized glutathione 

B. Increased ratio of NAD PH to NAOP 

C. Peroxidation of RBCs cell membrane fatty acids 

D. prevented by diets as fava been, 

E. AM of the above 

62. Gtucokinase is an example of: 

A. Oxidoreductases 

B. Transferases 

C. Hydrolases 

D. Isomorases 

E * L i g a s e s 
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ii_ •„ the production of how 

63. Oxidation of citrate to succinate result le 0 f citrate 

m.n, mules of high energy phosphele bonds per 

o xidized? 

A. 4 

B. 5 

C. 6 

D. 7 

E. 8 

64. Is (are) used to maintain blood glucose levels dunng tasting. 

A. Muscle glycogen 

B. Liver glycogen 

C. Both of them. 

D. Neither of them 

65. Kinases require: 

A. Mr f ‘ 

B. Mg** 

C. Inorganic phosphate 

D. EOT A 

E. Epinephrin 

66. All the following enzymes catalyze a substrate level phosph y 
reactions EXCEPT ; 

A. Glucokinase 

B. Succinate thiokinase 

C. Pyruvate kinase 

D. Phosphogiycerate kinase 

67 Which one of the following statements is characteristic of 

A ff :;ii;SL energy in the form of ATP or ATP 

B. It maintains blood glucose during the iong term fas 

C It involves the function fructose 1,6 bisphosphatase. , mino 

o. !! 'uses carbon skelslon provide by degrad.hon of nny >mln. 
acids 

E. It is stimulated by insulin hormone. 

68. Epinephrine has which of the following effects on glycogen 

metabolism in the liver? 

A. The net synthesis of glycogen is increased, 

B. Glycogen phosphorylase is inactivated whereas glycogen 
synthase is activated* 

C. Both glycogen phosphorylase and glycogen synthase are 

D. Glycogen phosphorylase is activated whereas glycogen synthase 
Is Inactivated. 

E. Has no effect on liver glycogen. 

69. Which of the following is NOT a substrate for gluconeogenesis: 

A. Alalnine. 

B. Stearate. 

C. A Ketoglutarate, 

D. Glutamate. 

E. Pyruvate. 
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70 One of key enzymes in gtuconeogenesis is: 

A. Aldolase 

B. Enoiase 

C. Pyruvate kinase 

D. Pyruvate carboxylase 

E. Glucokinase 

71 r lV/j/cfi of the following substrates CANNOT be converted into 

glucose: - 

A s Lactate 
B Glycerol 
C, Acetyl CoA 
D t Aspartate 
E. Gxaloacetate 

72. A conversion of giucose-G-phosphate into lactate In glycolysis is 

a accompanied by a net gain of: 

A r One mole of ATP 
B P Two moles of ATP 

C. Three moles of ATP 

D. 6 moles of ATP 

E. B moles of ATP 

73. The enzyme which is lacking in muscles but present in normal liver 

is: 

A. Glycogen phosphorylase 

B. Phosphgrucomutase 

C. Gluco kinase 

O. Glucose-6'phosphatase 
E. Creatine kinase Isoenzyme MM 

74. in muscle glycogenolysis r whet is the net ATP given in converting 
one giucosyl residue in giycogen to five? molecules of lactate? 

A. One 

B. Two 

C. Three 

D. Four 

E . Five 

F. Six 

75< In hepatic cells t the ratio of the number of ATP molecule s formed 
per mole of glucose under aerobic conditions to the number formed 
per mole of glucose under anaerobic conditions in red celts 

A, 2:1 

B, i: 1 

C P 15:1 

D. 19:1 

E, 38:1 

76. Enzymes which are active in the dephosphoryfated form DO NOT 
Include: ~ 

A h Giycogen synthase 
B h Giycogen phosphorylaso 

C, Pyruvate dehydrogenase 

D, Acetyl Co A carboxylase 
Er HMG CoA reductase 
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77. The term "diabetes " means: 

A. Increased blood glucose 

B. Decreased blood glucose 

C. Increased daily urine glucose 

D. Increased daily urine volume 

E. Deficiency of insulin 

73. Diabetes melfitus is due to the deficiency of the action of which 
hormones : 

A. Glucagon 

B. Glucocorticoids 

C. Nor-epinephrine 

D. Insulin 

E. Thyroxin 

79. In a symptomatic patient, diabetes mellitus can be diagnosed by 
estimation of: 

A. Glycated hemoglobin 

B. Detection of glucose in urine 

C. PI asm a level of C-pep tide 

0 j Fasting and postprandial blood glucose 
E. Microalbuminuria 

SO. Glycosuria may be caused by the following EXCEPT : 

A, Diabetes mellitus, 

B, Diabetes insipidus 

C, Glycosuria of pregnancy, 

D r Low renal threshold for renal tubular reabsorption of glucose, 

81 Which of f/ie following blood glucose concentration is diagnostic of 
diabetes metiitus: 

A, Pasting plasma glucose = 160 mg/dl 

B, Fasting plasma glucose = 115 mg/dl 

C, Post prandial plasma glucose = 135 mg/dl 

D, Postprandial piasma glucose = 160 mg/d! 

E, Random plasma glucose - 50 mg/dl 

82. Normal fasting blood glucose concentration is: 

A, Less than 45 mg Id! 

B. 65-11 0 mg/dJ 

C, 110-126 mg/dJ 

D. 126-200 mg/dl 

E> Above 200 mgldl 

83. Hypoglycemia is caused by: 

A. insulinoma 

B. Insulin resistant 

C. Insulin deficiency 
D* Diabetes insipidus 
E + Diabetes mellitus 

84. Blood giucose levei increases as a resuit of: 

A. Diabetes insipidus 

B. Diabetes mellitus 

C. Diabetes innocence 

D. Glycosuria 

E. Galactosemia 
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B5. Early renal impairment in diabetes metUtus can be expected by 
Gstimation of: 

A. . Glycated hemoglobin 

B. Detection of glucose In urine 

C. Plasma level of C = peptide 

D. Fasting and postprandial blood glucose 

E. Microalbuminuria 

£36, Long term diabetic control (2 months J can be checked by estimation 
of: 

A. Glycated hemoglobin 
B* Fructoseamine 

C. Detection of glucose tn urine 

D. Fasting and postprandial blood glucose 

E. Microalbuminuria 

87. Diabetic control in pregnancy can be diagnosed by estimation of: 

A. Glycated hemoglobin 

B. Fructoseamine 

C. Detection of glucose in urine 

D. Fasting and postprandial blood glucose 

E. Microalbuminuria 

88, All the following statements about blood glucose levels in humans 
are true EXCEPT : 

A. Normal fasting values are 65-110 mg/dl 

B. Average renal threshold for glucose are 180 mgfdl 

C. After ingestion of large amounts of sugar, blood glucose levels 
may reach 200 mgfdl in normal individuals 

D. 2 Hours postprandial blood sugar levels decrease from peak 
values more rapidly in normal individuals than in diabetics 

E. Normal 2 hours postprandial values may exceed fasting diabetic 
values 


\tn the following questions indicate with dear (T) the true 
| stetenTentSj and with^clear^F^Jh^Jalse^tatements^ _ 


/?eoulaforv mer/ian/sm of glycolysis in cJ_udej_ 

89. The activation of phosphofructokinase-1 by ATP 

90. The inhibition of glucokinase by g!ucose-6-phosphate 

91 . The inactivation of pyruvate kinase when glucagon levels are elevated 
9 2 . The activation of phosphofructokinase-1 -by fructose 2,6 bisphosphate 
95 . The activation of glucokinase by insulin 

The conversion of galactose to plucoso requires. 

94. A pyrophosphorylase 

95. An epimorase 

98- UDP-glucuronyltransferase 

97. Galactose-1-phosphate uridyl transferase 

98- A gaiactokinese 

In [n tricarboxylic acid cyc/e fTCAJ cyefe: 

99. 12 ATP are produced through respiratory chain phosphorylation, 

100. Succinyl CoA may be used in heme synthesis 

101. NADH+H' and ATP stimulate TCA cycle. 

102. C0 2 produced is used in carboxylation reactions, 

103. There are intermediates which can be converted into amino acids 
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Pyruva te dehydrogenase compfe.^ jvate j n t 0 lactate 

104. is an enzyme that catalyzes the 

10 5. Is inhibited by ATP, NADH+H , ace y 0 derivatives 

106. Weeds 5 eoerzymes, all are vitamm B comple ^d ^ ^ 

107 Is an enzyme catalyzes a rea ^ ,, ^ 1 ^ d ^ nd inac tive dephosphorylated forms 
103 Is present in an active phosphorylated and inactive 

Hexofunase is an enzyme tbajj 

109 Present in liver cells only. 

110 Has high affinity {low Km) for gluc05 . ll3te 

111 Allosterlcatly inhibited by glucose-6-p P 

112 Its substrate is only 9 ,LJc05e . between blood and inside cells, 

113 Maintains concentration gradient between o, 

f i rrare is the product of (C ori) cycle. 

114. May be converted into glucose again lhr ° l g , ‘ aj!ab le 

IW^causoWcilc acidosi* II Its loxol Is <toc,caso<l 

1.3 |,s J,oducli 0 n Is essential lor reoener.n.on ol oxidised NAD . 

Pcnfose phosnfraf o paf/nvay.' 

! 'KTiSSS IZZ1Z gldoo.. oxidation lhat produces energy. 

123, Produces pentoses essential for synmesis oi 
nucleotides, 

Ftiospfiof rucfofrfnase-?: . 

17 1 An enzyme that catalyzes the formation of fructose 2,6 bisphosphato 

12 5 An enzyme that catalyzes an irreversible reaction. . 

1 26. its product has a role in regulation of both glycolysis and gluconeogcnosis. 
127 An enzyme that is present mainly In liver, 

12 8. May act as a phosphatase enzyme. 


1 29. fs mainly present in adipose tissue, 

130 Maintains blood glucose levels between meals. 

1 31 . is depleted from liver after 6 hours. 

132 is homopolysaccharide formed of glucose polymer. 

133. its synthesis is stimulation by epinephrine and norepinephrine 

Glucofiepcjcn esis:_ 

134. Occurs in brain. and muscles 

1 3 5. is essential for production of glucose after short term fast. 

1 36, is stimulated by insulin and inhibited by glucocorticoids. 

1 37, is a pathway that is exactly the reverse of glycolysis. 

138. is an anabolic process that utilizes 6 high energy phosphate bonds for 
conversion of 2 pyruvate into glucose, 

Type t diabetes: 

1 39. occurs usually early in life, 

14 0. y^e patient is usually obese. 

1 41 |s due to destruction of p cells of islets of Langerhans, 

142. Rarely proceeds to ketosis. 

143, Treatment with insulin is always necessary. 
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TiPJtlLsiL Jh vto s - 

14 4, Occurs frequently after the age of 35 years 

14 5. Plasma insulin is absent, 

1 . The patient is usually thin. 

147 Genetic background is strong. 

143. Treatment with Insulin is always necessary 

Th c f o tlo win g arc C-t u s r -S of ftypo fl/jJ 7 -* 7 r 1 1A_ 

14U Insulinoma 
1 50 Diabetes mellitus 
151. Severe liver disease 
1 52, Hyper-pituitarism 

153 Leucine hypersensitivity in infants, 

Micjli ,‘n ffoy ftortris ,ijv >Quflrf ifl 

154 GlyceraEdchydc-3-phosphate 

15 5. Phosphoenol pyruvate 

156. ATP 

157. Creatine phosphate 
156 Succinyl CoA 

G jJacfose- 1-phospJiare urfdW ttin stem** 

1 50 . Essentia) lor galactose metabolism. 

160 Its deficiency is usually associated with fruclosemia. 

161. Its substrate is galactose, 

1 62 Its deficiency leads to mental retardation, liver cell failure and cataract 

tJronic acid pathway: 

IG3 Needs both NAD* and NADP* 

1 64. is essentially for production of glucuronic acid. 

16 5. its metabolic error is essential pentosuria. 

166 In human it produces vitamin C. 

167. Occurs in cytosol oftiver cells 

Which of flip fnfJowi'na statements abouf t_he strucrirre of oJyeoqen t& 

TRUEj, 

1 G 3 . There are n 1,4 glycosidlc linkage 
t 69 . There are a 1,6 glycosidic linkage 

170 Alt the monosaccharides in glycogen are a-O-glucose 

171. Glycogen is an unbranched molecules 

The roaef/on eala/rted f>v o-Keiogfularafe dehydrogenase in . citric aerd 
cycle requires: 

172. NAD*' 

173. NADP* 

174. FAD 

175. CoA 

176. TPP 

The fottowinsi compounds are substrate for gfuconeogenesis: 

177. Ofeleacid 
176. Serine 

179. Leucine 

180. Glycerol 

181. Lactate 
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l ftj; jyjfi.ro i, j' /i t!^h^isJUlh^ fttmtt 

l 1 / Glucose-fi-phosphate dehydrogenase 
1 ■ ■ GKicosfP'G-phosphnt^se 
I T r.'inskotolase 
1 ^5 T rn ns aid o In sc 
1 Aldolase 

Oj i <i*i f*y ■ o *' c v. iy' j f ' - VJ. :tl-PX: ^jr.-ill—— P rJ ff — — 
t :T’ NAD V 
IBP NADP* 

FAD 

1-5 0 Fofic acid 
t "■ - Cobalaminc 


_cy_rric_ v itf i- 

Arsemfe 
i ' Mirional# 

\ 4 * FUiuroocctnto 
t * i lodoacetalc 
1 I* Flotfritio ions 


J h >* Jot[o W'iJUl 

197 Cltrntn 
i >h Insulin 




!_*• r] iyflL r 


199 ATP 

200 Cyclic AMP 

H 1 Fructose 2.6 bisphosphato 


mill'. ,ind 




Glucose 


.’fi:i Frucioso 
20 4 Maltose 
<>: Galactose 
201. Rlboso 


... rr -.,., f „ ,r,n,pcr, ^ C I9 mttoel.ondr'0 fa-’ °*W>M 

lu^WDH^'^anspoii’si^cross the mitochondrial membranes directly. 

2 0 y glycerophosphate shuttle 
2 0 9 Carnitine shuttle 
2!0 Mplate aspartate shuttle 
211 Creatine shuttle 


r„» fn»mvmo sfafomonfJ t »™ cortcernerf wffft regi/fator/ effecfs_ _gf 

2 1 2. It inhibits phosphofructokinass’l 
213 It activates acetyl CoA carboxylase 
2 ! J It activates enolase 

215. It activates pyruvate kinase 

216. It inhibits citrate synthase. 


High energy pbosoJiato bond s are fot/rref .ULL 

217 "phospheno! pyruvate 
213 ATP 

219 Creatine phosphate 

220 AMP 

2 21. Glyceraldehyde -3- phosphate 
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Matching: For each set of numbered questions, choose the 
OAf£ BEST answer from the list of lettered options below it. An 
answer may be used once or m ore times, or not at aih 

222, Phosphoonol pyruvate carboxykinase 
+ ^I3. UDP-gfucttianyt transferase 

224 G/iicose-6pfoo*phaie debycfr ogenase 

225 Pyruvate dehydrogenase complex 
A* Bilirubin catabolism 

B„ GI l c o n e o g e n e s i s 

Oxidative decarboxylation of pyruvate 
D, Penioso phosphate pathway 

226 Complete ox idation of one molecule of glucose in liver cell 
221. Oxidation of one molecule of glucose in RBCs 

22a Complete oxicsatton of one molecule of pyruvate 

229. Complete oxtdatton of one molecule of Acetyi CoA 

A. 2 ATP. 

B. 12 ATP 

C. 15 ATP 

D. 35 ATP. 

230. Lac fos c 
231 Lactate 

23 2 Ljcf^ife dehydrogenase 

233. Lactase 

A. One of Intestinal dlsaccharldascs. 

Q. An enzyme that can be used in diagnosis of myocardial infarction. 

C. Milk sugar. 

0, End product of anaerobic glycolysis 

234. Gfycogen phosphorytase 
235 Gfucofcinase 

236. Gfucosn-fi-phosph^fjse 

237 . Phosphofruc to kinase- 2 

A. Lacking in Von Glerk's disease 

B. Catalyzes phosphorolysls of glycogen 

C. Bifunctional enzyme 

D. Catalyzes first step of glycolysis 

233. Deficiency of aldolase B 

239. Deficiency of gtucose-B-phosphate dehydrogenase 

240. Deficiency of galactose-1 -phosphate uridyl transferase 

241. Deficiency of lactase 

A. Favism 

B. Hereditary fructose Intolerance 
C* Lactose Intolerance 

v 0. Galactosemia 

242. G/ycocjenosfs 

243. Gfycogeno/ysis 

244. Glycolysis 

245. G/ueoneogem?sis 

A. Synthesis of glucose from non-carbohydrate sources 

B. Breakdown of glycogen Into glucose 

C. Synthesis of glycogen 

D. Breakdown of glucose Into lactate 
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I) , Glue nil dfj jjMmn SiJ *i 

7 Mi j Ar. *U// * r r n 

2 ft 1 /'yffJV.lfJ' * ri ' dud C *'f f n 
2 37 /Mo r i/j#/n<r UCif /|//if 'rfl- * /'yiUVMfU 
2 'l f Py* l/V if/ I i I II f t) 

2 34 / < ytiiv-*fi *. /WtffiJjp* 

A , Pyrii vsl n k Inauu 

G ( pyfijvalii fJoliytlrrujniumti t. nmpluK 

C. Pyiuviilu carboxyl A4fl 

D. Laciatu dnhyfJro*M | f |il *' #l 

E. ALI 

7 M, PyftJftfflfr I CO/ * HUftlti ■ 4/r * #' idflP' 1 At)P+ PI 

2 fih, ijviljiLltftt' t piftr*ffh'it* A p UUP tflu* ** •** f tIffp u •l tt.fif r >i i G fucO'. c- 1 -phosphs fc 

2!i/ /Ue/yM -lA * Ojr.ii/iMf Waff* 1 // 11 * 1 

23fi. Pyrcnwru * rpr* ftyuj* ,n/rf * CuA^i • M/l « NAU xAcviylCoA ±3 ATP 
2!ifl / /iff fir + f ii-/i/iu.^i/wn* * ATP Wa/.,/fr.M 2,6 VpiN/i/imjdi.tfo + ADP 

A. Pyruvate iJ<iliyclroounmio complo* 

0. Pyruvate carboxyl/inn 

C. Phosphofruc1ohlrtfli<Wi*2 
D- ClLrnto synthase 

E, Galactose—1 phouphnlo uridyl Iriinsfornso 

260 PyrtiLMfi' * A/AfJ//t// 4 u / ,n Mk- < WlO* 

2ij 1 E/ucumMS i WAJJP' * 6 P/ios/drriji^/fOfiotaclofiG + /VADPH+tf* 

7412 O + NAPPH*H' *1*: (wfittrOKitit l * NAQP' 

2(i1 UDP'fjlut.i*:**' i Piiyt.offvti pthtWf * a f 4 *tfit r iv-y/ ifU^fs + UDP 
26-1 G/uru*?;^'■4i7i/m. , *.p/ridr > G/i/efra 1 f P/ ^Ufirc/.imi; p/i<?sp/T.l|ej 

A, NADPH+H 1 oxldnso^ 

B. GJiico3n*6‘pho«phataiO 

C h Glucoso-O-phosphatn dolrydroc|pnniD 

D. Lactato dolly dr Doorman. 

E. Glyeogon nynthnno 

2G 5. Gtifnoso-iiiphaiptint** fiohyttmt}ifn,isf 
20G. AMutosp 
26 7. /soti/fra/it 
2G6. r*yttihitsw 

A. Producos compounds that contains 3 carbons. 

B. Prodifco^ a t r 4 plucosyf units 
C- Producos NADPH+H* 

D. Produces NADH+H' 
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269. Carhoxytetion of propionate 
2 70. Tran ; *mtti&bon of amino juds 
271. Tran s / e to ta tio n 
272 Acfluauo ' n/pj/mifa/e 
2 73, OxitJudro^i of rfscrare 

A. Thiamin 

B. Pantothenic acid 

C. Riboflavin 

D. Nicotinic acid 

E. Folic acid 

F. Pyndoxme 

G. Biotin 

2 7 4 D f?ffc m cy of py/i j va fe to naS e. 

27 5 Fr'j^-ir-? cjr conversion of L-xyiose into D xylose 
27 G Insulinoma 

2 77. fricv c r % 5: 1 d 0/u o d /a c f a f© a b o vo norm a I co nc on ira f ion 

A ( Hypoglycemia 

B. Hemolytic anemia 
C„ Acidosis 
0, Essential pentosuria 

the numbere d ruction -vyj the lettered inhibitor: 

275 Glucose * Glucose phosphate 

279 Fructose -6- phosphate -* Fructose -1.& bfsphosphate 

230 Frejctose btsphesphate -^Fructose -G- phosphate 

231. Phosphoenolpyruvate —* Pyruvate 

232. 2 Phosphogtycerate Phosphoenol pyruvate 

A. Citrate 

B. Fructose -1,8- bisphosphato 

C. Insulin 

D. Glucose -3- phosphate 

E. Fluoride salt 

Match tho numbered inhibitor and the fe ttered Qnzvtue: 

26 3 Ftounde 
284. Flouroacelate 
23 5. Fto u ro ox a tea ceta f e 

286 Mafonale 

287 Aresenate 

A. Succinate dehydrogenase 

B. a-Ketoglutarate dehydrogenase 

C. Enolase , 

_ AJ x . Lactose 

D. Citrate synthase 


For nach numbered gfl/vnie. selec t the h?tiered 

reaction that i$ catalyzed by tha t e nzyme m the 

diagram belour 

203 Lactase synthase 

209. Lactase 

290. Gatctokinase 

291. UDP-Gatactose epirnerase 

292. Galactose - 1 - phosphate uridyl 




Goictose 



Galactose -1- phosphate 




UDP - Gdoctose 


transferase 



UDf 1 - Glucose 
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- . . . „„ e „wf ihr lettered r eaction m the fia^rajndowjhatjs 

For eocn num bored enzyme, select, tnrjt. n^LV — —... 

catalyzed by that enzyme in the diag ramjmloyf 

293. An enzyme for gluconeogenesls 

294. An enzyme that needs 5 coenzymes 

235. An enzyme that has 5 isoenzymes 

296 An enzyme that generates a net one A TP motecute 

297. An enzyme that catalyzes transamination 



Match the numbered items art_ d_ the fettered m aett ons as they best fit t ogether 

298, Requires TPP 

299, Requires biotin 

30G. Requires pyridoxaf phosphate 

301. Regenerates oxidized NAO' in absence of 0 2 

30 2. Requires pyruvate kinase enzyme 



Match the numbered items and the fettered reactions as they best fit together: 

30 3. Requires carboxylase enzyme 
3 04, Requires pyridoxaf phosphate 
305. important for regeneration of oxidized NAO* 

3 06. Requires pyruvate kinase enzyme 
307, Generates a net 3 ATP molecules 
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f i f t t h ir tf FiM a • t /< r f ffrr it \U'D Wtf h which it i* COdflfctf iO 

ff.j'ftpni tii' + itf** 


7 Q* NADimf *NAiy 
Wi ttALf *NA0H*H* 
3lQ A7f> +AHr 
It 1 ADP *ATP 
"j 1 2 fnQfo m *t' 

71 1 


GiacevS-p^p^* 

0 l 

Ffucto?^6-p^tphrt* 

!' 1 

I 

•c; X 

1 3 b>spK05fh33^c* r S-^ 

i 

^PhsH-pbo^ytuaw 

§ j 

2-Phot p ho 




Phos p h-o tn-sfp |TU.'ate 

®i 

P/nivite 

<§) j, 

Laetsts 
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Chapter 15 


Lipids ( Meta6oCism 





) 0 n J s > A t C azy +'S 


V. Pancreatic lipase, colipase, isomerase and bile salts. 

2. M ? i^r s the function of pa ncreattc lipase? 

V. Partial hydrolysis of triocylglyccrols. The products aro 2 
monoacy(glycerol and two fatty acid molecules. 


\. it 'mi is ire function of isomerase? 

Isomerase shifts the ester bond from position 2 to T, this Is then 
hydrolysed by the lipase to form free glycerol and fatty acid. 

I is tb*rt> a complete breakdown of triacyigtycorols into glycerol and 

faff* aetds in gastrointestinal tract? 

L No, only partial digestion is possible, 

5. What arc the final end products of digestion of triacylgtyceiots? 

V, 2-mono a cylglyceroi (72%), 1 -m onoa cy tg ty ce to f [6%b glycerol and 
fatty acids (22%). 

o. What is the function o f cholesterol esterase? 

A. It digests cholesterol esters into cholesterol and fatty acids. It 
also digests tibutyrin present in milk, 

U/raf are types and functions of phospholipases ? 

A. They are phospholipases A^ A} + B and C, They digest 
phospholipids. 

N. How are small chain fatty acids absorbed? 

A. Small chain fatty acids (chain length less than 1Z carbons) are 
directly absorbed from the intestinal lumen into the portal vein 
and taken to the liver. 

9. hfoiv are iong chain fatty acids absorbed? 

A. Long chain fatty acids [chain length more than 12 carbons) are 
absorbed by forming micelles with the help of bile salts. 


- 288 - 
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^ u n *fo f?i/r Sii/fs Ip in the ahsorptiot\ of dietary lipids? 

V, By emulsifying tho ilpids and producing micelles of lipids, 

’ ' n h * 1 15 chemical name uf hife salts? 

\. Sodium glycocholate and sodium taurocholate, 

1 1 ♦ Wf\ i t are micelles? 

A, Micelles arc spherical particles with a hydrophilic exterior and 
hydrophobic interior core, Monoacylglycerofs* long chain fatty 
acids, cholesterol, phospholipids and tysophosphollpids are 
incorporated into molecufar aggregates to form mixed micelles, 
l .Mlhaf happens fo the micelles? 

Once inside tho intestinal mucosal cell, the long chain fatty acids 
are re-esterified to form triacy[glycerols. 
is the further fa fe of these micelles? 

\. The triacy (glycerols, together with phospholipids, and 
apoproteins B 4St are incorporated Into chylomicrons. The chyle 
[milky fluid) from the Intestinal mucosal cells loaded with 
chylomicrons are transported through the lacteals into the 
thoracic duct and then emptied into systemic circulation* 

IfAVh^f ts the difference for absorption of short chain fatty acid? 

A. Short chain fatty acids are relatively soluble in water and do not 
need re-esteriftcatiom They directly enter into blood vessels 
(portal circulation), 

Ifi.tVhaf are diet rich in short chain fatty acids? 

A. They are seen in butter, coconut oil and mother’s milk, 

I'MVhaf is steatorrhea? 

A* It is abnormal increase of fat content of the stooL Normally It is 
less than 5 grams per day, 
tJMVhaf is steatorrhea due to? 

A, It is due to defective digestion or absorption of fat. It may also be 
due to diseased cells of intestinal mucosa* 

1*4.What are the cause s of defective digestion? 

A, It is due to deficiency of pancreatic lipase, as in pancreatic duct 
obstruction, pancreatitis or Zollinger Ellison disease (where a 
high acid content of stomach enters the duodenum and 
inactivates Upas® enzyme). 

211. What are the effects of defective digestion? 

A. If the digestion alone is defective, most of the fat excreted In 
feces is undigested fat. There is no loss of fat-soluble vitamins 
because vitamins need no digestion. 


Scanned by CamScanner 






Up*tl$ nwtabohsm 




2 ! , W/l a / ,1 re the C 3 USES of f * C t? V ? £ fc -£r! r r 

A. Deficiency of bile salts, due to liver fas m cirrhosis} 0r 

bite duct obstruction {by stone, !u^9f of heed of pancreas or 
enlarged lymph glands, etc.), 

21. What are the effects of defective abs crpu^* ' 

A* If the absorption alone Is defective. moss of the fat fuicrated in 
feces is digested fat, i.e. fatty acids and monoac/igiycerols. 
There is also toss of faf-soiubls vitamin* b■cause vitamins need 
bite salts for absorption. 

- 3 . What are r he c a ti s os of defect *ve t ft! : > of n t e > ? t n a i mu c o ^ a ^ 

V. It may be due to diseases in rniestinaf mucosa, e g* celiac 
disease, sprue. Crohn's disease. 

14.What is the tine of management tn defective absorption? 

\, Jn such cases, triacyfglycerofs with short chain fatty acids are 
digested and absorbed properly, because they do not require 
miceMerisation for absorption. Since mif^ fat and coconut oil are 
made up of short chain fatty acids, they are therapeutically useful 
in malabsorption syndromes. 

25. What »ire the functions of bite sails ? 

A. Digestion of lipids (through emulsification of fat and activation of 
pancreatic lipase)* and absorption oF lipid's (through combination 
with digested lipids to form micelles, which is water soluble and 
easily absorbed), 

16,W h a t is entero hepatic circulation of bile Sait s: 

A* The bile salts in the intestinal lumen combine with digested lipids 
to form micelles, which enter the mucosa. In the mucosa, splitting 
of bile salts occurs. The bile salts are then reabsorbed to the 
liver again by blood stream. In the liver, bife salts are excreted by 
bile juice to reach the intestine again, 

I" 7 ,White adipose tissue is concerned with what? 

A, Energy storage. 

IS.Brown adipose tissue is involved in what process? 

A« Thermogenesis. 

29.W7T3f are the functions of adipose tissue (depot fat)? 

A. Energy production, fixation of some organs as kidney, Heat 
insulator around the body, production of vitamin D a 
3(LHow can depot fat provide energy? 

A* During fasting, the trla cyIg ly ceroIs stored in depot fat provide 
the body with free fatty acids * Acetyl CoA -» Tricarboxylic acid 
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cycle -► glvo energy. 

.1 Ltfow can depot fat provide D 3 ? 

A. Exposure of skin to ultraviolet rays or 
dehydrocholosterol (present In depot fa() vitamin 

1 2. What are sources of (fly enrol phosphate: 

A. Glycolysis (dihydroxyacetone phosphate) and 
glyccroklnasc -> Glycerol phosphate). 

^^,What are glycerol phosphate used for (fate)? 

A, Synthesis or glucose and trlacylglycorols and 
glycolysis. 


sun ^ 7- 

Di- 


glycerol (by 


oxidation In 


.11, in ud/posc tissue, what is the source ot glycerol phosphate for 
triacytglycerot formation? 


A. From dl hydroxy acetone phosphate, derived from glucose. 

.1>. Triacytcflycerol synthesis is enhanced by which hormone? 

A. Insulin. 

A<i.IV/j,if enzymes hydrolyze (rioeyig/KCOrofs present in adipose (issue? 

A. Hormone sensitive trlacylglycorols lipase, diacyl glycerol lipase 
and monoacylglycorol lipase. 

A7. bV^T. t f key enzyme is involved In fipotysls? 

A. Hormone sensitive trlacylglycorols lipase, 

.IN, Which hormones are the lipolytic? 

A. Glucagon, adrenalin, growth hormone, corticosteroids and ACTH. 

is the mechanism of activation of hormone sensitive lipase? 

A. Through activation of adenylate cyclase, cyclic AMP and protein 
kinase. 

4 0. Which hormones Inhibit hormone sensitive lipase? 


A. Insulin. 

41. What is the mechanism of inhibition of hormone sensitive lipase? 

A, (1) Through activation of phosphodiesterase enzyme 1 eAMP 
_> Inhibition of ilpolysls. (2) Insulin also stimulates phosphatase 
enzyme which dophosphorylatcs hormone sensitive lipase -► 
Inhibition of Hpolysis 

•12.(iocs caffeine favor obesity or lass of weight? 

A. Caffeine Is a substance present In coffee and tea. It inhibits 
phosphodiesterase enzyme -r Stimulation of Ilpolysls. Thus. It 
favors loss of weight. 

4.1.M/hat are types of fatty acids oxidation: 

A. a, [J end 0 oxidation. 
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fatty acids are activated in preparation of oxidation? 

A. Fatty acids are activated to their co-enzyme A (CoAJ derivaMve 
Ke. acyt CoA. 

4^ r What is the enzyme for this activation? 

A, Fatty acyl Co A synthetase. 

4fi,HoLv much ATP is required for this reaction? 

A. One molecule of ATP fs hydrolysed to AMP and PPL Thus* two 
high energy bonds are utilized in this reaction. 

4 7. What are the coenzymes needed for fatty acid oxidation? 

A + FAD and HAD. 


48.64/hef is carnitine? 

A. Carnitine is fi-hydroxy-5-trimethyl ammonium butyrate. It is 
synthesized from [ysine and methionine in ftver and kidney. 

4 M , LV h a I is the function of carnitine? 

A. Carnitine is involved In transfer of long chain fatty acids to 
inside the mitochondria. 

5IK What about short chain fatty acids? 

A. Short chain fatty acids do not require carnitine for transport, so 
they are easily oxidized. 

SI. What Is the net generation of ATP, when one molecule of palmitic 

acid {16 carbon) is oxidized compl&tety? 

A* 129, 


5 2 + H o w ? 

A ‘ p -° xidat i° n of P almitic ^id will be repeated 7 times (turns) to 

produce 8 acetyl CoA. In each turn, one molecule of reduced 

FADHj and one molecule of reduced NADH+hP are produced. They 

are oxidized in respiratory chain to give 5 ATP. (FADH2 2 

ATP) and (NADH + H* -► 3 ATPi ■ 7 „ e . ™ _ 

^ Ir ? -« f turns x 5 ATP —* 35 ATP, 

Oxidation of one molecule of acetyl CoA in citric arin 

j vuh m cunc acid cycle gives 

12 ATP, .*,8 Acetyl CoA x 12 ATP ■ ge its x . - , 

ab ATP, Two high energy 

pho.ph... b.na, are uli , lltd in th . flrt| (eactlon (MtilyMd by 
.=yl C»A synthetase) y.hich oschrs to, , ime dn|y , „„ 

energy gain - Energy prhduced - Energy utilized =(35 ATP + 96 
ATP) - 2 ATP = 131 ATP - 2 ATP = 129 ATP 

5i Whal “'‘ring each eyefs of /1-Oxidation of f,„y acld7 

A. Acetyl CoA, FADH2, and NADH+H*. 


54. What are the energy producing steps in p.oxidation pathway? 

A- Fat, V acyl COA dehydrogenase (FAD) and 0-hydroxy fatty acyl 
CoA dehydrogenase (NAD) steps. 
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55. What is the product of fi-oxidation of odd chain fatty acids? 

A, Propionyl Co A, 

.i f>. Wha I is the further metabolism of propionyl Co A? 

A, Propionyl CoA is first carboxylated to methyl malonyl CoA and 
then lo succlnyl CoA, 

? 7 . Wh a I ore the co-ooiymos required for the conversion of propionyl 

Co A to svccinyl CoA? 

A. Biotin, ATP. Vitamin B12, 

5H.SHee/nyf CoA is generated from which substances? 

A. Odd chain fatly acids, propionic acid, citric acid cycle and some 
amino acids as valine, isolcucino. 

59.5<jccfnyf CoA is utilised for i vhat purposes? 

A- Heme synthesis, activation of aceloacetate, oxidation in TCA 
cycle, glucose synthesis and detoxication, 

MLtVfial is alpha oxidation of fatty acid? 

A. It is a process by which Fatty acids are oxidized by removing 
alpha carbon atoms, one at a time, it is used for fatty acids that 
have a methyl group at the beta-carbon, which blocks beta- 
oxidation. Alpha oxidation does not generate energy, 
hi .Whore is alpha oxidation taking place? 

A, In ondopinsmic reticulum (microsoines), 

(i2,Ref sum's disease is due to what? 

A. Accumulation of phytanic acid, due to defective alpha oxidation, 
U^.Whett itnsatitrated fatty acids are oxidised, how many ATP is 

fo rnurd 7 

A. The energy yield is less by 2 ATP molecules per double bond, 
when compared to the corresponding chain length saturated fatty 
acid. 

ft. I .Why 1 ATP molaculos are reduced? 

A. Because, the FAD dependent dehydrogenation (step 1 of beta 
oxidation} docs not occur at the double bond. 

fiS.fVFicri paiihitolclc acid (16 C, 1 double bond ) is completely oxidised, 

what Is the net generation of ATP molecules? 

A. 127, 

Uh.What arc the sources of acetyl CoA? 

A. Carbohydrates (Pyruvate), lipids (fatty acids & acctoacetyl CoA), 
and proteins (ns iouclnc}. 
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bl.What are the fate of acetyl-CoA? 

A. Fatty acid synthesis, oxidation in citric acid cycle, cholesterol 
synthesis, ketone body synthesis and acetyl choline synthesis. 


are the types of fatty acids synthesis, 

A* Three mechanisms, cytoplasmic* mitochondrial and microsomal. 

63,VWrar are fht sources of NADPH+H* ? 

A. Pentose phosphate pathway, action of mafic enzyme on malate 
and action of cytosolic isocftrate dehydrogenase on isocitrate. 

It) r What are the enzymes used for synthesis of NADPH fot fatty acid 
synthesis ? 

A. Glucose-6-phosphate dehydrogenase, mafic enzyme and cytosolic 


isocitrate dehydrogenase. 

7 LLVfr/c/i step of pentose phosphate pathway produces NADFH+H ? 

A. The first reaction catalyzed by glucose-6-phosphale 
dehydrogenase. 


72.Whaf is the rate limiting enzyme of de novo synthesis of fatty acid? 
A* Acotyl GoA carboxylase. 


13. What is the reaction catalyzed by acetyi Co A carboxylase? 

A. Acetyl CoA + C02 -> IVlalonyf Co A. 

7-Llrt7raf are the co-enzymes required for the reaction? 

A, Biotin and ATP, 


15. What is the fatty acid synthase complex: 

A* Thfs enzyme is a dimer Le, formed of 2 subunits, Each unit, 
(monomer), contains 7 enzymes and a terminal protein called acyl 
carrier protein (AGP). 

lh.Acetyl CoA from mitochondria is transferred to cytosol for the de 
novo synthesis of fatty acid, by which enzyme? 

A* ATP citrate lyase. 

77. Wow can acetyl CoA get its way to cytoplasm for palmitic acid 
synthesis ? 

A. Acetyl CoA condenses with oxaioaeetate - in the presence of 
citrate synthase- to form citrate. Then citrate diffuses out of 
mitochondria to cytosol where it is spit again - by citrate lyase - 
into acetyi CoA and oxaioaeetate, 

1ft.What are the steps in which WADPH is used in fatty acid synthesis? 

A. Step 4 (Ketoacyf reductase) and step 6 (Enoyl reductase), 

79. Explain why the acetyl CoA derived from oxidation of glucose and 
not from fatty acid is the only source for fatty acid synthesis? 

A. This because insulin hormone secreted after meal stimulates both 
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glucose oxidation (-> acetyl CoA} and llpogort&sis (-Fatly acid 
synthesis) and inhibits lipolysls. 

Rfi.How fatty acid synthesis regulated? 

A. Key enzyme, acetyl CoA carboxylase, is stimulated by insulin and 
citrate and inhibited by long chain acyl CoA (palmiloy! CoA), 

KlH.lv/jaf is the action of insulin on fatty acid synthesis? 

A, Insulin favors Mpogenesis. 

H2.,Noiv7 

A. Insulin enhances the uptake of glucose by adipocytes and 
increases the activity of pyruvate dehydrogenase. So, aval Tabs lity 
of acetyl CoA is increased. Insulin also activates glucose-6- 
phosphato dehydrogenase- so that enough NADFH ts available- 
Moreover, insulin stimulates acetyl CoA carboxylase, the key 
enzyme of fatty acid synthesis pathway. Insulin also depresses 
the hormone sensitive lipase (Inhibits lipolysis), 

$1.Chain elongation of fatty acid is taking place in which site? 

A. Microsomal elongation system is more active, 

84.Where does desa juration of fatty acid takes place? 
in the endoplasmic reticulum. 

M5.AVAat is the enzyme called? 

A. Microsomal desaturase system. 

Kh.Wbaf are essential fatly acids? 

\. Those cannot be synthesized by the body. So they are to be 
provided in the diet, 

87.flame the essent/al faffy acids. 

A. Linolelc and jinolenic acids are the only fatty ocids, which cannot 
be synthesized in the body. 

jOl jyjia, are riie important saiislances derived from PUFA? 

A. Prostaglandins, prostacycline, thromboxanes, leuhotriones, and 
HPETE. 

NP.lWraf are the functions of PUFA? 

A. Synthesis of prostaglandins, synthesis of phospholipids and 
esterification of cholesterol, 

9ll.Ertwpnerafe eicosanoids ; 

A- They include prostanoids (prostaglandins [PGEi and PGFjo.], 
Prostacyclin (PGljl, and thromboxane A s (TXA 2 ]J and leukotrione 
A* [LTA], LTC fl , LTD* and LTD*, LTB*. 
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*■) I . How prostaglandins are classified? 

A. According to the attachment of different substitute groups to the 
ring, PCs are named with capital letters such as A,B,E and F. In 
the same series, depending on number of double bonds on the 
side chains they are denoted by a subscript after the capital 
letter, e.g.PGEI, PGE2, PGE3 t etc, Series 2 have two double bonds 
at 13-14 (trans) and 5-6 (cisj. This Is the most common variety. 

92 ,Prostaglandins are derived from what substance? 

A. Prostaglandins are derived from the PUFA, The series 2 (with two 
double bondsj are derived from arachidonic acid- All naturally 
occurring PGs belong to the S-sorres, 

9J,Prostagtan{ifns are stored in what form? 

A* As precursors, as membrane phosphoFrpids, 

y 4 .Ho iv prostaglandins ore synthesized? 

A. The arachidonic acid is released by the action of phospholipase 
A 2 on phospholipids. Prostaglandins synthesis is catalyzed by 
prostaglandin H synthase (PGHS) that contains two separate 
enzyme activities, cycFo-oxygenase and peroxidase, 

yS.ttotv prostaglandins synthesis is regulated? 

A + The phospholipase is activated by epinephrine. Steroids inhibit 
PL and prevent release of arachidonic acid from membranes. 

96.What is the importance of cyclooxygenase? 

A. CycJo-oxygenase is activated by catecholamines and inhibited by 
non-steroid anti-i nt lammatory drugs (NSAJD5J. Cy clo-oxy genase 
is a 11 suicide" enzyme, 

'il'What is the mechanism of action of aspirin? 

A. Aspirin acetylates serine in the active site and irreversibly 
inhibits the cyclo-oxygenase. 

9H. tfosv is prostaglandins inactivated? 

A- Prostaglandins have only very short half life, of about 30 
seconds. They are inactivated by the 15-hy droxy-prostag fandin- 
dehydrogenase, which converts 15-OH group to keto group. 

9 c > . What is the mechanism of action of prostaglandins? 

A. Prostaglandins are local hormones T and function through G- 
protein coupled receptors m most tissues, PGE increases cAMP 
level. But in adipose tissue and in renai tubular cells, PGE lowers 
cAMP level. 
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Mlfl. Wh ar rs fJtd scf;on or' prostacyclin on vaiCHlnf endot/ioliu®’ 

A* Prostacyclin causes vasodSlataion. It also Inhibits platelet 
aggregation and has protective effect on vessel wall against 
deposition of platelets 

HM , l-Zhaf rs Ihe effect of thromboxane? 

A. Thromboxane (TXA2) is the main PC produced by ploteNts- The 
fnajor effects are vasoconstriction and platelet aggregation- 
Prostacyclin and thromboxane are opposing in activity. 

102 . whet Js Jhe precursor of teukotrienes? 

A. They are produced from arachidonic acid. 

103. IVhaf is its biological importance? 

A* LT B4 ts produced in neutrophils, it is the most potent 
chemolactic agent. The slow reacting substance of anaphylaxis 
($ RS-A) contains LTC4, LTD4, LTE4. They cause smooth muscle 
contraction, constrict the bronchioles. Increase capillary 
permeability, end produce vasocon,strict ion. 

3 114. How phospholipids are classified? 

A, Glycerophospholfpids (containing glycerol) and 

sphingophospholipids (containing sphingosine). 

105 . Give example for Glycerophospholipids 

A. Lecithin, cepha!ln h tardioMpm and plasmalogenSn 

1 ( 16 * Give example For sphingophospholiplds 

A. Sphingomyelin. 

1117. Name some lipid storage diseases. 

A. Tay Sach's disease, Niemann Pick's disease, Gaucher's disease. 

IU8. Gaucher T s disease is due to the deficiency of what? 

A. Beta glucosidase (ghicocerebrosidase), 

11)9. What is accumulated in Gaucher's disease? 

A* Glucocerebroside. 

I 10. What is the manifestations of Gaucher's disease? 

Ah Enlarged liver and spleen and mental retardation. 

111. Niemann-Pick disease is due fo the deficiency of what? 

A. Sphingomyelinase, 

112, What is accumulated in Niemann-Pick disease? 

A. Sphingomyelin. 

M 3. What is the manifestations of Nivmann-Pick disease? 

A. Enlarged liver and spleen due to accumulation of sphingomyelin; 
fatal fn early life. 
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H4. fay 5aeft's disease is due to the deficiency of what? 

A. H&xosamtnldase. 

I 15. What is accumulated in Tay Sack's disease? 

A- GangliosidQ. 
lift. What are ketone bodies? 

A. Ac□ to acetate, p-hydro xy butyric acid, and acetone. 

1 17. What are the Functions of ketone bodies ? 

A. Energy production for most tissues, acetoacetyl CoA is split into 
2 acetyl CoA, each gives 12 ATP in TCA. 

I IH* Can liver utilize ketone bodies? 

A- NO because Jiver docs not contain enzymes tor ketone bodies 
oxidation fketolysis). Thus, liver cannot oxidize them*. 

I f 9, Can brain ceils oxidize ketone bodies? 

A. Yes, after 5-G days of tasting 

120. Kefone bodies arc formed in which tissue? 

A. Liver mitochondria. 

121. E'Vftaf is the ratedimitlng-step in ketone body formation? 

A* HMGCqA synthase. 

122. HMG CoA is directly converted into what substances? 

A. Ace (acetate, acetyl CoA and mevalonate, 

123. Ketone body utilisation is taking place in which organs? 

A. KetoJysis is taking place in extra hepatic tissues (AH other 
tissues, except liver), 

12-1, Utilisation of kalone bodies by peripheral tissues needs which 
enzyme? 

A+ Succinyl CoA thlophorase. 

125. What is the concentration of ketone bodies? 

A. Blood ketone bodies concentration is less than 3 mg/dL 
12ft. What Is ketanemia 7 

A. Jt js the increase of blood ketone bodies above normal 
concentration. 

12 7. Ketonemia is due to what processes? 

A. Ketonemia occurs when the rate of formation of ketone bodies 
ketogenesis) is grater than the rate of their oxidation (ketolysis). 
Step f: Absence of insulin leads to excessive iipoiysis. Step 2 : So 
more fatty acid is available, and more acetyl CoA Is produced- 
Step 3: But oxidation of acetyl CoA in citric acid cycle is 
sluggish. The excess acetyl CoA is derived into ketone body 
formation. 
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128 * What is ketonuria? 

A- It Is the increase of urine ketone bodies concentration above 
norma! concentration. It usually occurs with ketonemla. 

129. Whet test 1$ used fo identify ketone bodies in urine? 

A« Rothera's test. 

130. Wfoaf is ketosis z 

A. it Is a condition of metabolic acidosis results from ketonemia* 

131* Whet is the mechanism of ketosis? 

A. Increase ketone bodies in blood is neutralized by blood buffers 
mainly bicarbonate (HCOa'}. Bicarbonate will be depleted and this 
leads to decreased blood pH (acidosis), 

132* Wha t are the effects of ketosis ? 

A. Dizziness, toss of concentration, hyperkalemia. In severe cases 
coma may develop. 

133. What ore conditions in ketonmmia developed? 

A, Starvation, severe diabetes mellituSj hyper-catabolic states e.g. 
diarrhea and fever and tuberculosis. 

134. What is the ring structure presen? in cholesterol? 

A. Cyclopentano perhydro phenanthrene ring {steroid ring). 

135. Cholesterol has how many carbon atoms? 

A. 27. 

13 6, What are the substances derived from cholesterol? 

■V. Vitamin D3, bile salts, and steroid hormones (GEucocortEcoids, 
mineraiocorticolds, testosterone, estrogens and progesterone). 

13 7* What are the functions of cholesterol? 

A. Cholesterol is a constituent of cell membrane. CholesteroE is also 
the precursor of vitamin D a , bile salts, steroid hormones. 

138, Which food stuffs contain cholesterol? 

A, Mon-vegetarian food as meat and liver. 

139. is cholesterol present in vegetable oils? 

A* No, 

1411, What is the ratedfmitlng-step (key enzyme) In the cholesterol 
biosynthesis ? 

A. HMG CoA reductase. 

14 I + How can cholesterol synthesis be regulated? 

A* HMG CoA reductase is regulated through feed back inhibition, 
feed back regulation, hormonal regulation and inhibition by 
drugs. 
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142. How can cholesterol synthesis be regulated by feed bach 

inhibition? 

A. Cholesterol (the end product of the pathway) acts as feed back 
inhibitor of HMG CoA reductase enzyme. Thus, it decreases more 
cholesterol synthesis* 

143. How can cholesterol synthesis bo regu/ated by feed back 

regulation ? 

A. Cholesterol (either synthesized by the ceil or reaching it from 
diet) inhibits HMG CoA reductase gene. This decreases 

transcription and synthesis of HMG CoA reductase. 

144. What are hormones regulating cholesterol synthesis? 

A. Glucagon Inhibits HMG CoA reductase and Insulin stimulates 
HMG CoA reductase. 

145. What are drugs regulating cholesterol synthesis? 

A. Lovastatin and mevastatin are drugs, which inhibit HMG CoA 

reductase by reversible competitive inhibition. 

14ft. What are sources of HMG CoA: 

A. Acetyl CoA. It is condensed with acetoacetyl CoA (In the 
presence of HMG CoA synthase) to form HMG CoA. 

14 7. What are the fata of HMG CoA: 

A. Ketone bodies formation (in the mitochondria) and me va Ion ate 
and cholesterol formation (in cytosol). 

148. What is the first sterol ring formed during cholesterol 

biosynthesis? 

A. Lanosterol. 

M9. How cholesterol is excreted? 

A. Through biie. About one gram of cholesterol is excreted daily 
partly as cholesterol itself, and partly as bile salts. 

150. What is the normal level of total plasma choestgrol? 

A. 140-220 mg/d I , 

(51. What is hyper-cholesterolomia? 

A. It is increased plasma cholesterol concentration above 220 mgftfl. 

152. What are causes of hypercholesterolemia? 

A. Diabetes mellitus, nephrotic syndrome, obstructive jaundice, 
hypothyroidism and familial hypercholesterolemia. 

(53. How does diabetes meHifus cause hypercholesterolemia? 

A. Insulin stimulates lipoprotein lipase that clear plasma 
lipoproteins and cholesterol. Insulin is deficient in diabetes 
mellitus. 
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154 . How dofs hyporthyroldism cause hypercholesterolemia? 

A. Thyroid hormones stimulate conversion of cholesterol to bllo 
acids. 

155. What is the hypo-chaiestQrolemia? 

A. St Is decreased plasma cholesterol concentration below 140 
mg/dl. 

15 ft. l-VJjaf are the causes of hypo-chef ostervlomla? 

\ fc Prolonged fasting due to decreased activation of HMG-CoA 
reductase, liver diseases, where most plasma cholesterol Ss 
synthesized, hyperthyroidism and chronic infection as 
tuberculosis. Diet rich In unsaturaied fotty odds and poor in 
saturated fatty acids, carbohydrate and cholesterol causes of 
hypo-cholesterotemia, 

15 7. rtfaaf advise wlfl you give to a person with increased cholesterol 

level? 

\. Reduce food with higher cholesterol content, include PUFA and 
omegas fatty acids in diet! reduction of total fat intake of green 
leafy vegetables, exercise* and avoid cigarette smoking, 

l?hi, LV^ion wtil you start drugs for a person with increased cholesterol 

fOYCi? 

A* When patient's condition is not responding to the dietary 
restriction, 

159. What are the drugs available to treat hypercholesterolemia? 

A. HMG CoA reductase inhibitors (lov^statin and mevastatan), 
nictotinic acid and bile acid binding resins,. 

16 ( 1 , What is (he function of bile acids? 

A. They are the major route of excretion of cholesterol and they are 
required for absorption of triacyIglyterols, 

16 L Brie acids are derived from what substance? 

A. Cholesterol 

162, How are bile salts formed? 

A- Bile acids arc conjugated with taurine or glycine. 

I(i3, What is cholesterol precursor for? 

A> Bile acids, vitamin D a , Steroid hormones. 

KM, What are steroid hormones? 

A. Glucocorticoids, mincralocorUcoids, male sex hormones 
(testosterone) and female sex hormones (estrogens and 
progesterone*)- Also active vitamin Dj (calcUriol) Is a steroid 
hormone. 
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165. What is the norma/ level of total plasma lipids? 

A. 360-820 mg/dl. 

166. What is the normal level of triacylglycerols? 

A. 40-160 mg/dl. 

167 . What are types of apolipoproteins? 

A. Apo. A {l t M and IV), apo. B (48 and 100), apo. C (I.M and 111) , apo. 
D and apo. E. 

168. What are the functions of apolipoproteins? 

A. (1) Apolipoproteins combine with water insoluble Itptds to form 
water soluble lipoproteins. This helps transport of lipids between 
tissues in aqueous plasma. (2) Apolipoproteins activate some 
enzymes e.g. apo C-lt activates lipoprotein lipase enzyme (3) 
Apolipoproteins act as ligands that bind with lipoprotein 
receptors in tissues e.g. apo Bioo and apo E for LDLreceptors, 

169. How lipoproteins are estimated? 

A, Either by electrophoresis or by ultracentrifugation. 

176. During electrophoresis , what is the fastest moving lipoprotein? 

A. HDL (a-lipoprotein). 

171. During electrophoresis, what is the least moving lipoprotein? 

A. Chylomicron (S-position), 

172. Maximum friacy/g/ycero/s content is in which lipoprotein ? 

A. Chylomicrons. 

173. Maximum cholesterol content is in which lipoprotein? 

A. LDL (8 position). 

174. Triacylglycerols present in chylomicrons are hydrolysed by 
what? 

A. Lipoprotein lipase. 

175. Where is the enzyme present? 

A, It is located at the endothelial layer of capillaries of adipose 
tissue, muscles, and heart, but not in liver, 

176. What is the main apoprotein present in chylomicrons? 

A. B48. 

177. Where Is apo B 4a synthesized? 

A. Intestinal mucosal celts. 

178. Why it is named apo B48? 

A. Because its molecular weight is 48% of the molecular weight of 
B100. 
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179. W/jaf is the function of chylomicrons? 

A. Transport of dietary lipids {mainly triacyiglycerols) from intestine 

to adipose tissue. 

180, Where are chylomicrons synthesized? 

A, Intestinal mucosal cells. 

181* Whaf is the structure of chyiomicrons? 

A* Main lipids are tnacylglycerols. They contain also cholesterol, 
phospholipids and fat-soluble vitamins. Proteins are (2%), apo B*b 
and receives apo C11 and apo E from HDL, 

182* Whef is the fate (catabolism} of Chyiomicrons? 

A* TG are hydrolyzed by lipoprotein lipase (which is activated by 
apo CM). The remaining parts are chylomicron remnants, which 
are then taken up by the liver, Hepatocyte receptors can 
recognize apoBj« and apo E, 

183, Endogenous fr/acy/g/yceroJs in plasma are carried by what? 

A. VLDL, 

184* What is the main apoprotein present in VLDL? 

A. 8100* 

185. Where is apo B100 synthesized? 

A. Liver, 

186. What is the function of VLDL? 

A. Transport lipids mainly trlacylgtycerols from liver to peripheral 
tissues, 

187. Where are VLDL synthesized? 

A, Liver, 

1 88* What is the structure of VLDL ? 

A* Main lipids: trlacylglycerols. contains also cholesterol, 

phospholipids. Proteins contents (10%) include apo B 1O0 and 
receive apo Oil and apo E from HDL* 

i89\ What is the fate ( catabolism} of VLDL? 

A, Triacyglycerols are hydrolyzed by lipoprotein lipase. The 
remaining parts are IOL, which are then converted Into LDL by 
transferring phospholipids, apo C and apo E to HDL. 

190, Whaf is the main apoprotein present in LDL? 

A, B10 Q „ it is the ligand for LDL receptor. 

19K Whaf is the function of LDL? 

A. Transport of cholesterol from liver to peripheral tissues. 
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J92. Where arc LDL synthesized? 

A. Circulation from VLDL and JDL. 

J93. What is the structure of LDL? 

A. Lipid contents: cholesterol. cholesterol esters and 

phospholipids. Protein contents: (22%), apo Bioo. 

194. What is the fate (catabolism) of LDL? 

A. LDL apo B, 0Ct are recognized by tissue receptors. After binding 
with receptors, the LDL are internalized by endocytosis. Inside 
ceils LDL are separated from receptors and hydrolyzed by 
lysosomal enzymes releasing cholesterol, amino acids, fatty 
acids and phospholipids. 


195. What is the function of LDL receptors? 

A. LDL receptors are negatively charged glycoproteins present on 
all ceils but most abundant in hepatic cells and adrenal cortex. 
LDL receptors, located in specialized regions called clathrin- 
coated pits. When the apo B-100 binds to the receptor, the 
receptor-LDL complex is internalized by endocytosls. 


19b. What is the fate of cholesterol inside liver ceils? 

A, Step-1: Forms cholesterol ester by ACAT enzyme. Step-2: Inhibits 
HMG CoA reductase. This inhibits cholesterol synthesis by the 
cell. Step-3: inhibits DNA synthesis of LbL receptors. This leads 
to decrease LDL receptors (down regulation) and inhibition of 
LDL uptake by ceils. 

197, What is the function of HDL? 


A. Transport of cholesterol from peripheral tissues to liver 
198. How is this function achieved? 


A. 


199. 

A * 

200 . 

A. 

201 . 

A. 


HDL contains Apo A-1, which activates LCAT enzyme, which 
forms cholesterol ester. This helps to remove cholesterol from 
peripheral tissues to the liver. It contains also Apo C-IJ, which 
activates lipoprotein lipase for hydrolysis of trlacyIglycerols. 

Whaf is the main apoprotein present in HDL? 

Apo A-1, it is the ligand for HDL receptor. 

What is LCAT? 

Lecithin cholesterol acyl transferase enzyme. 


Where is it present? 

LCAT Is present in plasma and activated 
binds to HDL disc. 


by apo-AI, when LACT 
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2d 2. What l <t iho importance of LCAT? 

A. Tin* trrm choloMorol (s esterified by LCAT. The esterified 
cholwaterol is than Incorporated into HDL disc, to form mature 
MHL. 30 lor excretion of cholesterol, LCAT is necessary. 

2 <1-1. What ir. the it rue turn of HDL? 

A* Mritn llpIdH cholesterol (free and esterifled) and phospholipids, 
mainly lecithin. Proteins contents (50%) Include apo A-1 (which 
(ictlv.Hos LCAT). apo C (which activates lipoprotein lipase and E 
(which (n recognized by hepatic receptors) 

2(l|. IVfnt Is thv futv (catabolism) of HDL ? 

A, HDL accepts uno&terlficd cholesterol from peripheral tissues 
Thon HDL (by LCAT enzyme) esterlfjes cholesterol into 
cholonlurol osiers. Then HDL is taken up by the liver cells —* 
whore cholesterol esters are released inside these cells —> to be 
utlilzod in Hid formation of lipoproteins or excreted in bile. 

2(15. Wliat is "bad clioiesterol"? 

A. LDL cholesterol. 

2lHi, Why is it catted so? 

A. LDL transposes cholesterol from liver to peripheral tissues, 
whore it Is deposited, and causes atherosclerosis. 

2117, tVhar is lipoprotein (a)? 

A. Jt Is attached to apo B-100 by a disulfide bond. It has significant 
homology with plasminogen. So it interferes with plasminogen 
activation and Impairs fibrinolysis. This leads to unopposed 
Intravascular thrombosis and possible myocardial infraction. 

2IMt. What Is the significance of lipoprotein (a)? 

A. Lp(a) Is associated with heart attacks at the age of 30 or 40 
years, Indians have a higher level of Lp{a) than Europeans. 

2IHJ. What is the normal ievef of lipoprotein (a)? 

A, In 40% population, there Is no detectable level of Lp(a) in serum. 
In 20% of population, the Lp(a) concentration in blood is more 
than 30 mgfdt, and these persons are susceptible to heart attack 

at a younger age. 

2 III. What is "good cholesterol"? 

A. HDL cholesterol. 

211. Why is It called so? 

A. HDL transposes cholesterol from peripheral tissues to liver, and 
so helps In excretion of cholesterol from the body. So HDL is 

antiatherogenic. 
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2 1 2. Free fatty acids of plasma are bound to what? 

A. Bound to soruni albumin. 

213. What is the function of albumin? 

A. Transport of free fatty acid from adipose tissue to peripheral 
tissues. 

214. What arc the features of hyperlipoproteinemia Type ll-A ? 

A. Atii o rose loros Is and elevated plasma LDL cholesterol 

215. What Is Its cause? 

A. Defect in LDL receptor. 

Ilh. How a f bo rose Zeros is started? 

A. The effect is directly proportional to the LDL level. Free radical 
induced oxidative damage of LDL will accelerate this process. 
Oxidised LDL cholesterol is deposited in the subintimal regions 
of arteries, 

217. What vessels are affected mostly by atherosclerosis ? 

A. Aorta, coronary arteries and cerebral vessels are predominantly 
affected. 

2 ItS. How LDL deposit leads to atherosclerosis? 

A. Oxidised LDL is taken up by macrophages, the macrophages 
become over-loaded with cholesterol esters, and these are then 
called "foam cells" which form the hallmark of atherosclerotic 
plaques. 

2T9. What happens to atherosclerotic plaque? 

A. This leads to narrowing of vessel waJJ. Then fibrous 

proliferation takes place, this is due to liberation of various 

growth factors. Again a clot is formed which occludes one of 

the major vessels. Then there is ischemia of the tissue 

supplied. Finally infarction or ischemic death of the tissue 
occurs. 

220. What are the important risk factors of coronary artery diseases? 

A. Serum cholesterol level above 220 mg/dl, LDL-choleslerol level 

above 160 mg/dl, HDL-choSesterol level below 35 mg/dl, and 
Apo(a) ab ove 30 mg/df. 

221. What are other risk factors associated with coronary artery 
disease s ? 

A. Cigarette smoking, hypertension, diabetes mellitus, serum 
triglyceride level above 200 mg/dl, homocysteine level, sedentary 
life style, obesity. 
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2 2 2 » Primary hyperlipoproteinemia (Type /)Js due to the deficiency of 

what? 

A. Lipoprotein lipase. 

223, W/iat is accumulated in primary hyperlipoproteinemia? 

A* Chylomicrons and VLDL. 

224, in the bfood r fatty acids are transported as what form? 

A* Albumin is the carrier of free fatty acid- 

225, What are polyunsaturated fatty acids (PUFA)? 

A* These are fatty acids that contain more than one double bond 
e.g + lenolenic acid and arachidonic acid. 

226- What is the importance of polyunsaturated fatty acids (PUFA) in 

cholesterol metabolism? 

A, PUFA present in lecithin is transferred to cholesterol by the 
enzymes LACT. The esteHfied cholesterol is then taken by HDL, 
and finally excreted through liver. So, for excretion of 
cholesterol, PUFA is required. Thus, PUFA will lower the blood 
level of cholesterol, 

227* What are lipotropic factors? 

A- Lipotropic factors are substances that help the mobilization of fat 
from the liver he, prevent fatty liver. 

228, What are types of lipotropic factors? 

A. phospholipids, amino acids (as methionine & serine}, vitamins 
fas vitamin B, a & folic acid), proteins of high biological value. 

229* Give examples of substances that prevent fatty fiver? 

A, Lecithin, choline and methionine, 

230. Why are phospholipids considered as lipotropic factors? 

A. Because they are relatively soluble in water* 

231. tVhaf are amino acids acting as lipotropic factors? 

A* Methionine, which is a methyl donor essential for choline 
formation and serine, which enters in structure of cephaline. 

232. What are vitamins acting as lipotropic factors? 

A* Vitamin Q 1Z and folic acid have a role in synthesis and transfer of 
methyl group (CH 3 ), 

233* What worsens fatty fiver? 

A- Alcohol, diabetes mellitus, excess caloric intake, hepatitis virus* 
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234. What are the types of lipase enzymes? 

A. (1) Digestive lipases (gastric, pancreatic, intestinal and lingual lipases), (2) 
blood vessels lipase {lipoprotein lipase), (3) adipose tissue Upases (hormone 
sensitive triacylglycerols lipase, diacylglycerols lipase, and 
monoacylglycerols lipase), {4| Tissue lipase (acid lipase), and (5) liver lipase 
(hepatic lipase). 

235. What is the role of liver in lipids metabolism: 

A. Fatty acid synthesis and oxidation, synthesis and esterification 
of cholesterol, formation of lipoproteins, formation of 
phospholipids, formation of ketone bodies, formation of bile 
salts, storage of fat soluble vitamins, and detoxication of steroid 
hormones. 


236. Compare between Fatty acid oxidation and fatty acid synthesis: 



FaLfy acid oxidation 

' fatty acid synthesis 

Site 

Mitochondria 

Cytosol 

Enzymes 

independent 

grouped as a multi- 
enzyme complex 

Coenzymes 

FAD and NAD 

NADPH 

During the 

process 

2 carbon units are 

removed as acetyl CoA 

2 carbon units are 
added as 3 carbon 
Maionyf CoA 


237, Compare between Apol/poprofe/ns; 


ApolEpo- 

p roteins 

LIPOPROTEINS 

COMMENT 

Apo A{l, 

II and Ml) 

HDL-chylomicrons 

‘Activator of LCAT 
‘Ligands for HDL-receptors 

Apo S-1 qo 

LDL-VLDL-IDL 

‘Synthesized by liver 
‘Ligand for LDL-receptors rn 
tissues 

Apo B' iB 

Chylomierons- 

chylomfcron remnants 

‘Synthesized by intestine 
‘Ligand for chylomicron 

remnant receptors in liver. 

Apo C (1, 

II and (It) 

Chylomtcrons-VLDL- 

HDL 

Activator of lipoprotein 

lipase. 

Apo D 

HDL 

May act as M pi d transfer 
protein. 

Apo E 

Chytomicrons- 

Chylomfcron remnants- 
VLDL-HDL 

*Ligand for chyiomicron 

remnant receptors in Ifver. 
"Ligand for LDL receptors in 
tissues. 
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23S- Compare between hyperlipoproteinemias: 


Types 

T Plasma 
Lipoproteins 

f Blood lipids 

Atherosclerosis 

Type I 

Chylomicrons 

T rracyJ g ly cerols 

Not liable 

Type II 

LDl 

Cholesterol 

Very liable 

Type III 

VLDL fi, LDL 

Triacy Iglycerols 

Liable 

Type IV 

VLDL 

Triacylglycerols 

Not liable 

Type V 

Chy lomlcrcns & 
VLDL 

T riacylglycerols 

Not liable 


2.19. Compare between Fatty acid synthesis. 



Cyfopfasmic 

Micros om al 

Mitochondrial 

Site 

Cytosol 

M icros omes 

Mitochondria 

Nature 

Synthesis of 

palmitate 

Elongation of 

preexisting fatty 

acid 

Reverse of p- 
oxidatlon 

ACP 

Needed 

Not needed 

Not needed 

Source of 

2 carbons 

Malonyl CoA 

Malonyl CoA 

Acetyl CoA 

! Coenzymes 

NADPH + H* 

NADPH+H* 

NADPH+H* and" 

NAOH + H* 


240. Compare between tissue fat and depot fat 



Tissue fat 

Depot fat 

Site 

Cell membrane 

Adipose tissue 

Amount 

Limited 

Unlimited 

Composition 

Mainly phospholipids 

Mainly triacylglycerols 

Oxidation 

Never oxidized to give 
enerqy 

Used as a source of 
energy 

Functions 

Responsible for selective 
permeability 

Source of energy - 
Fixation of organs — 
Vitamin D, - Heat 
insulator. 
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2-11- Compare between lipase enzymes: 


Enzyme 

Origin 

Sf(e of 

action 

Function 

Special 

properties 

Gastric 

lipase 

Stomach 

Stomach 

Degrades 

dietary 

triacylgiycerols 
in infants 

Needs acid 

pH 

Pancreatic 

lipase 

Pancreas 

Small 

intestine 

Degrades 

dietary 

triacy Ig lycero Is 
(removes fatty 
acid from 

carbon 1 and 3 K 
leaving 2- 

monoglycerol) 

Needs co- 
lipase 

Lipoprotein 

lipase 

Blood 

and 

extra- 

hepatic 

tissues 

Surface 

endothelial 

cells 

lining the 
capillaries 

Degraded^ TG 
circulating in 

c h yi omi crons 
or VLDL, 

releasing FA 

and glycerol 

Can be 

released 
into plasma 
by heparfn; 
activated 
by apo, Oil 

Hormone 

sensitive 

lipase 

Adipose 

tissue 

Adipose 

tissue 

Degradation of 
stored 

triacy Ig lyce reds 

Activated 
by cAMP 

Acid lipase 

Most 

tissues 

LysosomeS 

Removes fatty 
acids from 

lipids taken 

into ceils 

during 

phagocytosis 

Needs acid 
pH 

Hepatic 

lipase 

Liver 

Liver 

Removes fatty 
acids from 

chylomicron 
remnants and 
HDL taken by 
hepatic cells. 



242* Compare between cholesterol synthesis and ketone bodies 


synthesis: 



cholesterol synthesis 

ketone bodies 

synthesis 

Building 

blocks 

Acetyl CoA derived 

from glucose oxidation 

Acetyl CoA derived 
from fatty acids 

flipolysis). 

Site of 

synthesis 

Cytosol 

Mitochondria 

Liver, subcutaneous 

fat, adrenal cortex and 
gonads* 

Liver only 
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Insulin 

Stimulates synthesis 

Inhibits rynlhosls 

HMG CoA 

Gives movnloimto -► 
Cholesterol 

Gives ncotoacetate 

(kclonu bodies) 


243. Compare tu’fwtu’n MfJf. ,imf j f)(. 



HOL 

LDL 

Synthesis 

Liver 

Circulation (from VLDL) 

Functions 

‘Remove cholesterol 

to peripheral tissues, 

‘Contain Apo Cll -> 
Activate lipoprotein 

lipase -f Hydrolysis of 
TG 

Provide cholesterol to 
peripheral tissues. 

Composition 

Lower concentration 

of cholesterol and 

cholesterol esters. 

Higher concentration of 
cholesterol and 

cholesterol esters. 

Protein 

content 

“Apo A4 -► SHmulatos 
LCAT 

! *Apo C*ll Stimulates 

lipoprotein lipase 

Apo 0, Bp which is 

recognized by hepatic 
colls. 

Catabolism 

HDL transfers 

Cholesterol (after 

esterlf led) from 

peripheral tissues to 
the liver. 

LDL is internalized by 
the cells and stored in 
the form of cholesterol 
esters. 


What i$ the catalytic activity, Intracellular location and pathway of the 
following enzymes? 

244, Hormone sensitive Iriacytglycerol lipase 

245, HMG CoA reductase. 

246, HMG CoA lyase. 

247, Acetyl CoA carboxylase 
248- ACAT 

249. LCAT 

250. Pancreatic lipase 

251. Carnitine palmitoyl-transferaso It 

252. Fatty acid cyclooxygenase 
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Enzyme 

Catalytic activity 

Loca lion 

1 Pathway 

Hormone 

sensitive TG 

lipase 

TG -+ Glycerol + FA 

Cytosol 

Lipolysrs 

H MG CoA 

reductase 

HMG -* Mevalonate 

Cytosol 

Cholesterol 

synthesis 

HMG CoA lyase 

HMG —> Acetoacetate 

Mitochondria 

Ketogenesis 

Acetyl CoA 

carboxylase 

Acetyl CoA Malonyl 

CoA 

Cytosol 

Cytoplasmic 

FA synthesis 

ACAT 

Acyl CoA + 

Cholesterol -> 
Cholesterol ester + 

CoA 

Liver 

Catabolism of 

LDL 

LCAT 

Cholesterol + 

Lecithin 

Cholesterol ester + 
Lysolecithin 

Cytosol 

Catabolism of 
HDL 

P ancre atic 

lipase 

TG -s- 

Mo n oa cy Ig lyce rol + 

FA 

Cytosol 

Digestion of 

TG 

Carnitine 

pal m ity 1- 

transferase II 

Acyl carnitine -* Acyl 
CoA 

Mitochondria 

FA oxidation 

Fatty acid 

cyclo¬ 

oxygenase 

Arachidonic acid -* 
Prostaglandin 

Micros omes 

Synthesis of 
prostaglandins 
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^CQj ^Matching, True and TaCse and 

CompCetion 


Select end encircle 

completion: 


the most appropriate answer 


3 


1. Cfty/oni/crort remnants can be recognized by receptors present In 
liver cell membrane through: 

n *P°I'Poprotein E and apolipcprotein B< a 
B- Apolipoprotein E and apolipoprotein B m . 

C. Apolipoprotein A-l. 

D. Apolipoprotein C-ll. 

2. The plasma lipoprotein with the highest phospholipids content is: 

A. Chylomicrons 

B. VLDL 

C. HDL 

D. LDL 

3. The plasma lipoprotein with the highest triacylglycerots content is: 

A. Chylomicrons. 

li. VLDL. 

C. HDL. 

D. LOL. 

4. The plasma lipoprotein with the highest cholesterol content is: 

A. Chylomicrons. 

B. VLDL. 

C. HDL. 

D- LDL. 

5. Ketone bodies are: 

A. Succinyf CoA, a-ketoglutarate and acetyl CoA, 

B. Qxaloacetate, acetaldehyde and malate, 

C. Acetoacelate, p-hydroxybuty rate and acetone. 

D. Non of the above. 

6. An enzyme catalyzing the reaction: Lecithin ♦ cholesterol 
Cholesterol ester * Lys ole thin is: 

A. ACAT 

B. LCAT 

C. Lysolecithinase 

D. HMG CoA reductase 

7. Acetyl CoA is the precursor of the following compounds EXCEPT : 

A. Carnitine. 

B. Cholesterol. 

C. Palmitate. 

D. Acetoacetate. 
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N, Antntit! tod a high cholesterol diet shows decreased cholesterol 
synthesis tty tivor because of the inhibition of which one of the 
following uttrynto? 

A. HMG CoA nynf hutrtso 
It, HMG 0 (jA roduelase 
t.\ MqviiJohiiIo kinase 
]). HMG CoA lyilflO 
1'], Soi|imlono synlhotfisc 

9. The following hormones Increase the mobilization of depot fat 
(tipoly sin) EX CEPT : 

Ah Epinephrine und nor opfnephrine., 

LIh Insulin. 

<\ Growth hormone. 

I). Glucagon. 

HI. Hie immodiat'o precursor of mevalonic acid is; 

A. Mnv a I o n y 1 CoA 

It, M ova I any I pyrophosphate 

t\ Aeotoncntyl CoA 

l>. (J-Hydroxy, pmolhyIgIutoryI CoA 

E, A c o t y I CoA 

I l.The not energy production in the form of ATP that can be produced 
by oxidation of one molecule of paimitate (16 C) is: 

A. 12 
It. 36 
C. 1 2D 
I). 146 

12. Succinyl Co/\ may undergo one of the following fate EXCEPT: 

A. Homo synthesis 
B * A c 11 v a 11 o n of ketone bodies 
C. Glycosanihioglycans synthesis. 

T>. Gluconeogonosls 

I 3h NADPH+H is important for the following reactions EXCEPT ■ 

A. Respiratory burst —— - r 

H. Xenohlotlcs metabolism by cytochrome P45G 
C. Roductl on of pyruvate by lactate dehydrogenase 
f). Reduction of glutathione by glutathione reductase 

I 4*ApoUpoprotoln C-/f acf/vafes; 

A. LCAT 
El, ACAT 

C\ Lipoprotein lipase. 

HMG*CoA reductase. 

tS.Trfrcylglycerot* present In plasma lipoproteins can be hydrolyzed 
Ah Lipoprotein lipase 

IE Hormone sensitive triacylglycerol lipase 
t\ Heparin 
I)h Pnncroallc ilpaso 
E. Co-lipase 
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1 b.Pancreatic lipase: 

A. Hydrolyzes trlacylglycerols to glycerol and fatty acids 
R. Is specific for tho position 2 of trlacylglycerols 

C. Is specific for tho 1,3 ester linkage of triacyJglycerols 

D. Specifically hydrolyzes cholesterol esters 

E. Is specific for phospholipids 

17.A patient has a genetic defect of lipoprotein lipase. After eating high 
fat meal, one would expect to see plasma elevation oft 

A. Chylomicrons 
8. VLDL 

C. LDL 

D. HDL 

E. Serum albumin associated lipid 


18. Which of the following is NOT a bile acid: 

A. Glycochollc acid 

B. Deoxycholcholic acid 

C. Llthocholchollc acid 

D. Hlppuric acid 

E. Glycochenodeoxychollc acid 

19. Which of the following changes would you expect in a patient with 
decreased activity of lipoprotein lipase? 

A. Elevation of serum chylomicrons only. 

B- Elevation of both serum chylomicrons and VLDL. 

C. Elevation of HDL only. 

D- Elevation of serum LDL only. 

E. Elevation of both serum HDL and LDL. 

20. Cholesterol is the precursor of the following compounds EXCE P T : 

A. Vitamin D,. 

B. Bile acids. 

C. Testosterone. 

D. p-Hydroxy butyrate. 

E. Progesterone 

21. The compound shown beside is: 

A. A bile salt 

B. Cholesterol 

C. A steroid hormone 
|). Vitamin D 
E. Acetoacetyl CoA 

21.In human, prostaglandins can be derived from; 

A. Glucose 

B. Acetyl CoA 

C. Arachidonic add 

D. Oleic acid 

E. Leukotrienes 

23.The site of ketogenesls Is: 

A. Lung; 

B. Brain 

C. Liver 

D. Kidney 


o o 

II II 

ch 3 -c -ch 2 -c — SCoA 
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24. The hormone that inhibits the mobilization of fat from adipose l/ssuq 
is: 

A. Epinephrine 

B. Norepinephrine 

C. fnsulin 

[>. Glucagon 
E. Growth hormone 

IS.Activation of fatty acids requires: 

A. ATP 

B. dATP 

C. GTP 
D< UTP 
E. CTP 

26*Acefyf CoA A carboxylase: 

A* Requires pyridoxal phosphate for the cnrboxylation of acetyl CoA, 

B. Utilizes citrate as a substrate, 

C* Produces malonyl CoA, which is subsequently decs r boxy la ted, 

D. Is located mainly in the mitochondrias. 

E. Is essentially key enzyme of fatty acid oxidation 

27,If one mote of [CH^tCHsh^COOH] is oxidized to CG ? and H 2 Q in 
muscle mitochondria „ the net number of moles of ATP produced wltf 
be? 

A. 97 
Bk 114 
C 129 
D* 146 
E* 163 

28. If one mo/e of patmitoleic (16:1 C) is oxidized to C0 7 and H 7 0 In 
muscle mitochondria , the net number of moles of ATP produced will 
be? 

A. 97 

B. 127 

C. 129 

D. 131 

E. 146 

29. How many moles of ATP are generated when one mole of B- 
hydroxybutyrate is oxidized fo carbon dioxide and water in skeletal 
muscles? 

A. 23 

B. 24 

C. 25 

D. 26 

E. 27 

30. /n the pathway leading to biosynthesis of aceloacetate from acetvl 

CoA in liver, which compound is the immediate precursor of 
acetoacetate? * 

A. p-Hydroxybutyrate 

B. AcetoacetyI CoA 

C. p-Hydroxybutyryl CoA 

D. Mevalonic acid 

E. p-Hydroxy-p rcethylg[utaryI CoA 
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’ ^ e y enzyme in the extramftochondriat synthesis of fatty acids ts: 

A, Condensing enzyme 

B. Hydratase 

C, Acetyl CoA carboxylase 

D. Acyl transferase 

E* Palmitoyf deacylase 

32. ^-q xidation of fatty acids is dependant on the presence of all of the 
following enzymes EXCEPT : 

A, Acyl CoA dehydrogenase 

B, Enoyl CoA hydratase 

C‘ P-Hydroxyacyl CoA dehydrogenase 

D. Acyl CoA acyitransferase 

E. Acetyl CoA carboxylase 

33. /n the biosynthesis of fatty acids, which is the compound that 
transports the acetyl CoA out of the mitochondria into the cytosol? 

A* Acetyl CoA itself 

B. Acetyl Carnitine 

C. Citrate 

I), Acetyl phosphate 
E* Acetyl choline 

34. The enzyme which catalyzes the activation of fatty acids, in the 
synthesis of triacyfglycerols r is: 

A + Condensing enzyme 
B, Acyl CoA synthetase 
C* Acyl CoA acyl Iran sferase 
D* Lipase 
E* Glycerol kinase 

35. Kefos/s results from; 

A. Excessive production of propionyl CoA 

B. Excessive production of acetoacetyl CoA 

C. Excessive utilization of glucose 

D. Under utilization of lipids 
E« Hypercholesterolemia 

36. Complete oxidation of one molecule of stearic acid produces: 

A* 20 ATP 

B* 96ATP 

C. 129 ATP 

D. 146 ATP 

37. ^-Ox/dat/on of stearic acid (ISC) produces how many acetyl CoA 
molecule which later oxidized in citric acid cycle?: 

A- 7 Acetyl CoA 
B* B Acetyl CoA 

C. 9 Acetyl CoA 

D. 12 Acetyl CoA 

38. A/J the following are sites of ketofysls EXCEPT : 

A. Brain 

B. Liver 

C* Skeletal muscles 
D* Adipose tissue 


t 

( 
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3 9,Succinyf CoA is required for: 

A, Ketogenesis 

B. Heme synthesis 
C* Urea synthesis 

D. Cholesterol synthesis 


4<J .Carnitine pafmitoyl transfers se one is involved in fatty acid: 
A* Synthesis 

B. Oxidation 

C. Activation 

D. Estrifioation 

E ♦ Saponification 

4I + A precursor for fatty acid synthesis is: 

A, Propionyl CoA 

B* Malonyl CoA 

C, Acetoacetyl CoA 

D. Succinyl CoA 


4 2.AU the following are lipotropic factors EXCEPT : 

A* Essential fatty acids 

B. Folic acid 

C. Biotin 

D. Essential amino acids 

E. Choline 

43. The synthesis of pafmitate from glucose in the fiver: 

A. Occurs in mitochondria* 

B. Utilizes NADPH* derived only from the pentose phosphate 
pathway. 

C + Is regulated mainly by isocitrate. 

I). Does not require biotin. 

E. Needs pantothenic acid that enters in the structure of acyl carrier 
protein. 

44. Which of the following sequences places the apoproteins in the 
order of most dense to least dense (from left to right)? 

A- HDL t VLDL / chylomicrons I LDL. 

EL HDL I LDL t VLDL I chylomicrons. 

C. LDL / chylomicrons / HDL l VLDL. 

D. VLDL / chylomicrons / LDL / HDL. 

E. LDL f chylomicrons / VLDL / HDL. 

45 . During fl-oxidation of even numbered fatty acid: 

A. FAD is required to form a double bond. 

B. Carbon 2 of the fatty acid Is oxidized to form a p-hydroxy 
compound. 

C. NAD* removes water from the p-bydroxy fatty acyl CoA 
intermediate. 

Di Two acetyl CoA molecules are produced in each turn of the p- 
oxidation, 

E* Propionyl CoA is the end product* 
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46. (/ one mote of the compound (CH,- (CH 3 ), a -COOH) is oxidized to CO? 
and HiO in muscle mitochondria, the net number of moles of ATP 
produced wilt be: 

A. 95 

B. 97 

C. 105 

D. 114 

E. 119 

47. The hepatic enzyme catalyzing the reaction: Fatty Acyl CoA + 
cholesterol Cholesterol ester + CoA 

A. LCAT 

B. ACAT 

C. Lysolecithinase 

D. HMG CoA red uctase 

E. HMG CoA lyase 

48.In the synthesis of fretorre bodies from fatty acids: 

A. Carnitine transports the fatty acid across the plasma cell 
membrane 

B. Acetoacetate and acetyl CoA are produced by cleavage of HMG 
CoA. 

C. The reactions occur in all tissues of the body. 

D. Activation of fatty acid is driven by the conversion of one ATP 
into ADP. 

E. Thiolase cleaves hydroxymethylglutaryl CoA (HMG CoA}. 

49 .In the course of the complete oxidation of acetoacetate : 

A. Elevated insulin level is required. 

B. Activation by thiophorase enzyme is required. , 

C. The reactions occur in the liver, 

D. A net of 30 ATP is produced, 

51). Phospholipids: 

A. Always contain choline and glycerol. 

B. An important source of energy during fasting. 

C. Are a major component of membranes. 

D. Are not soluble in water. 

E. Are the main lipid conten of VLDL. 

51 .In the palmitate synthesis its precursor is: 

A. Mavalonyl CoA 

B. Acetoacetyl CoA 

C. Acetyl CoA 

D. p-Hydroxy, p-methylglutary! CoA 

52 ,The product of extramltochondrial pathway for palmitate synthesis 
may undergo alt Ihe following EJfCEPT: 

A. May be converted Into sphingosine base. 

B. May be converted into glucose. 

C. May be elongated to stearic acid. 

D. May be unsaturated to oleic acid. 

E. May be oxidized for energy production. 
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8-oxidation of fatty acids Involves a sequence of four reactions 
repeated several times. This sequence is best described by. 

Oxidation - decarboxylation - dehydration - oxidation. 


A. 

B. 

C. 

D. 

E. 


Oxidation - dehydration - oxidation - thiolysls. 
Condensation - oxidation - dehydration - oxidation. 
Oxidation - hydration - oxidation - thiolysis. 
Condensation - hydration - oxidation - thiolysis. 


54 


.If one mole of the compound (CH 3 - (CHi) -(CHi) ■* 
COj and H-,0 in muscle mitochondria, the net 
ATP produced will be: 


COOH) is oxidized 
number of moies 


A. 27 

B. 37 

C. 95 

D. 129 


to 

of 


55, Which of the following changes would you expect in a patient with 
decreased activity of HMG CoA reductase enzyme? 

A + Elevated serum cholesterol- 
B* Decreased serum cholesterol. 

C, Elevated serum triacylgiycerols. 

D. Decreased serum triacylglycerols, 

56. An enzyme catalyzing the reaction: Fatty acyl CoA +■ cholesterol —* 
Cholesterol ester + CoA is: 

A. ACAT 

B. LCAT 

C* Lysolecithinase 
D* HMG CoA reductase 


57 .Which of the foliowing hormones inhibits fipolysis in adipose tissue: 

A. Epinephrine and norepl ne phnn.* 

B. Growth hormone, 

C. Glucagon. 

D« Insulin. 

58. in adiopose tissue: 

A- An increase in intracellular cyclic AMP leads to increased release 
of triacylglyceroJ into the blood, 

B, Protein kinase is Inactivated during fasting, 

C. Epinephrine stimulates the Synthesis of triacylglycerols. 

D. Glucagon stimulates hormone sensitive triacylglycerols lipase. 

E, Glycerol kinase converts glycerol into glycerol-3-phosphate. 
59+Tfre rote of lipoprotein lipase is: 

A* Digest dietary triacylglycerols in intestinal lumen 
B- Hydrolysis of triacylglycerols in adipose tissue 
C, Hydrolysis of triacylglycerols in plasma lipoproteins 
l). Hydrolysis of triacylglycerols in hepatocyfes 
E, Activation of phospholipases. 

69. The rate controlling step in the synthesis of palmitate is catalyzed 
by: 

A, Acetyl CoA carboxylase 
B* Fatty acfd synthase 
C* HMG CoA synthase 
l>. Hormone sensitive lipase 
E, Thiophorase 
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fr1 P /W/ glycerol coFitainlng lipids are synthesized from: 

A, Trlacylglyeerols 
I*. Cophalln 
C, Phosphatidic acid 
IK Dlacyfglycerols 
K. Monoacy|glycerols 

ill,Atl the following statements are true about HDL EXCEPT : 

A* HDL are involved in the transport of cholesterol from the 
periphery to the liver 

IK The major HDL apolipoproteins are Al and All 

C. A high level of HDL -cholesterol is bad to one's health 

I). HDL appears antiatherogenic 

E, HDL Is decreased after menopause 

63,T/ie following are substrates for a carboxylase enzyme EXCEPT : 

A. Pyruvate 
IK Acetyl Co A 
C\ Propionyl CoA 
l>, Acetoacetyl CoA 


/n the following questions indicate with clear (T) the true 
statements , and with clear (F) the false statements; 


The following compounds are used to conjugate bite acids to form bile 

salts : 

6-K Glucuronic acid. 

65. Glycine 

66. Glutathione 

67. T aurine 
6fKAcetyl CoA 

Ketone bodies: 

69. Can be used as a source of energy for muscles 

70- Can be used as a source of energy for brain in starvation 

71. Can be used as a source of energy for liver in starvation 

72, If elevated In blood, it may cause metabolic alkalosis. 

73. A re made during period of excessive lipolysis 

The following compounds are intermediates in choJesfero/ biosynthesis: 

74.Sec|ua1ine 

75*HMG“CoA 

76. Pregnano5 

77. Lanosterol 
7R.Mevalonate 

The sources of NADPH+H are 

19, Pentose phosphate pathway 

80 Mronlc acid pathway for glucose oxidation 

8 \ r Aclion of cytosolic isocitrate dehydrogenase on isocitrate 

Hl.Aciion of malic enzyme on malate. 

83 . Citric acid cycle 
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A cyc/o oxygena s e which is hitiltijjod hy rtpirin { k„ ingulfe d for tfa 
production of: 

84. Thromboxanes from arachldonic acid . 

SS. LeuJrotnenes from arachldonic acid. 

Rh r Prostacyc9in from arachldonic acid, 

ST. Arachidonic acid from F/iospOoJ/p/cte, 

Hvpochot&sterolemia is caus vdby; 

88. Prolonged fasting 
89 .Hypothyroidism 
90 .Diabetes meilitus 
9 1 . Liver diseases 

92, Diet rich in unsaturated fatty acids and poor in saturated fatty acids * 
Ketone bodies : 

93Jnc!ude only acetone and p-hydroxybillyrnto 

94. Can be used by Hver cells as a source of energy 

95. Are related to diabetes Insipid us 

96. May result from starvation 

97. May be excreted In urine 

The conversion of HMG Co A to mevalonic acid: 

98 . Requires NADPH+H * 

99. Js a /rey reaction in the synthesis of cholcs t erof 
1 f10 h is stimulated by insulin 

101. is a step in the synthesis of ketone bodies 

102. /Way be regulated by both feed back inhibition and regulation 

Excessive lioojysis is caused bv: 

1fl3. Diabetes meilitus. 

104. Diabetes insipidus 
l 05 h High carbohydrate diet 

106. Starvation 

107. Administration of nicotinamide and caffeine 

In the synthesis of active vitamin D from 7-dvhyrochoiesterol : 

108. The steroid ring structure is cleaved" 

109. Cholesterol Is an intermediate compound 
1 I0 t Ultraviolet fight is required 

111, Carbon f and 25 are hydroxyfated in liver 

112, Parathyroid hormone is required 


Matching: For each set of rtumbered questiems, c/joose""f/Je 
ONE BEST answer from the list of lettered options below it An 
answer may be used once or more times, or nof at alt 

1 13. Synthesized from palmityi CoA and serine 
I 14. Intermediate in ketone bodies synthesis 
I IS- Product of odd number fatty acid oxidation 
116. Dipalmityl lecithin 

A. Lung surfactant 

B. Propionyt Co A 

C. Sphingosine 

D. HMG-CoA 
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117. Lecithin 

118. Bite acid 

119. Vitamin D 3 

120. Carnitine 

A. fi-Hydroxy y trimethyf amino butyric acid 
B* Phosphatidyl choline 
C- Chenodeoxycholate 
H, 1:25 Dihydroxychotecatciferol 

12K Cholesterol synthesis 

I 22, Cytoplasmic pathway for fatty acids synthesis 
123. Upotysis 
124* Ketolysis 

125. Thromboxanes syntheses 

A, HMG-CoA reductase. 

B, Acetyl CoA carboxylase 

C, Thiophorase 

D* Cyefooxygenase 

E. Hormone sensitive triacylgfycerol lipase 

126, Propionyl CoA carboxylase 

127* Acyl CoA dehydrogenase 
128* 5- Lipoxygenase 

129, Glucocerebrostdase 
A* Lej/frotr/enes synthesis 

B. Gaucher*s disease 

C. Oxidation of odd number fatty acids 

D. Fatty acid oxidation 

130* Fromo/es mobiltza lion of storage triacylgfycerol 
131. Helps in preventing fatty liver 
132* Activates lipoprotein lipase 

133. Is a source of methyl group for choline synthesis 

134. Cafa/yzes cholesterol ester formation in liver 

A. Apolipoprotein Cll 

B. ACAT enzyme 

C. Starvation 

D. Dietary choline 

E. S-Adenosyl methionine 

135. Composed mainly of triacylgfycerols 

136* Composed mainly of cholesterol and cholesterol esters 
137* Composed mainly of phospholipids and cholesterol 

138, £icosanoids 

139, Acetoacetate f fi-hydroxybutyrate and acetone 
A, Derived from arachidonic acid 

B* LDL 

C* Ketone bodies 
l>* HDL 

E. Chylomicrons 




wi* 1 . !V\* 


Scanned by CamScanner 






Lipids metabolism 


324 


141}. A diva lor of L CA T enzyme 
14L Binds with LDL receptors 
1 4 2, Activator of lipoprotein tipase 
143, Binds with chylomicrons receptors 
(44, Activator of pancreatic lipase 

A. Apo B 4t 

B. Co-fipase 

C. Apo B 

D. Apo Cti 

E. Apo A t 


145 . Gastric lipase 

146, Pancreatic lipase 
147* Lipoprotein lipase 

14K. Hormone sensitive triacylglycerol lipase 
149. Actd lipase 

A. Degrades adipose tissue triacylglycerols, 

B. Degrades dietary triacytgfycerol in infant. 

C. Acting on positions 1 and 3 of triacylgtycerofs. 

[>. Acting on circulating triacylglycerois in blood. 

E. Removes faffy acids from fipids taken into ceils during 
phagocytosis . 


150, Hormone sensitive lipase 
15L Lipoprotein lipase 
t5L Pancreatic lipase 
I 53. Gas fr?c lipase 
554. Co-hpase 

A. Present in endothelial lining of some 
blood vessels 

B. Synthesized by pancreas 
C* Acts only in infant stomach 
D. Present in adipose tissue 

E + Activates pancreatic lipase 

in the synthesis of ketone bodies (figure 
beside): 

155. Spontaneous 

156, HMG CoA synthase 

S57, 3«hydrojrybu(yrafe dehydrogenase 
t 58. HMG CoA fyase 
159, Jhiofase 
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Ibl). The tififd ft Action increased In type I hyperlipoproteinemia Is 
1 <> I , Tho tlpid fraction increased In type II hyperlipoproteinemia Is 
I(i2. The lipid fraction increased in type III hyperlipoproteinemia Is 
Ift.l, T7ie lipid fraction Increased in type IV hyperlipoproteinemia Is 

164. The Hpld fraction increased in type V hyperlipoproteinemia Is 
A. LDL 

It. VLDL 

C. Chylomicrons and VLDL 

1)* Chylomicrons and VLDL remnants 

165. Contains 2% protein 

166. Contains 10% protein 

167. Contjms 22% protein 
l 6K. Confjins 50% protein 
169, Contains 99% protein 

X. HDL 
0. VLDL 

C. C6y(om/crons 
I). LDL 

K. Fatty acid-albumin complex 


170. HM G Co A synthase 

171. Requires TPP, Lipo/c acid, CoASH, FAD and NAD + 

172. Regu/ros acetyl CoA carboxylase 

173. Requires HMG CoA reductase 

174. Requires HMG CoA lyase 


Pyruvate 


-^Acetyl CoA 


Malonyl CoA 


Acetoacetate 


HMG CoA 


Mevalonate 




175. Chylomicrons 

176. VLDL 

177. LOL 

178. MOL 

179. Free fatty acids- Albumin complex 

A. Synthesized In the kidney 

B. Contain 99% protein 

C. Contain apotipoproteins 
|>, Pre p-Lipoproteins 

E. Contain the good cholesterol 
|.\ Derived from circulating IDL 


Scanned by CamScanner 








Lipids metabolism 


326 


t S1I. 
181. 
(82. 

183. 

184. 


185 . 
18fi. 

187 . 

188 . 
189 . 


Koy onzy (no I ft newly I CnA BHflmKylii*® 

I' 1 Ruacllon In Krnlia* «yd«> 

Require TP I 7 

Proceeds In cytoflol In siynlliunUd cholftslorol 
Roquiros CamUInn 


PyruvoIe 


Stearate 




(Ei (0} 

H MG-CoA <4 — -Acclyl CoA -Citrate 

Palm (fate ^ 


Deficient In maple syrup disease 
1 ft Reaction in Krebs' cycle 

Requires 5 coon/ymas, nil nro vitamin B complex derivatives 
Proceeds in hepatic mitochondria to synthesize acetoacetate 
Requires Carnitine 


P >' ruvo, ' : Pfllrnitfltc 

(B| 




HMG-CoA ^ — Acetyl CoA -———► Citrate 


I" 


|(D) 
Isoieucinc 


JA 
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JLnswer %ey 


MCQ: 


1 

2 

3 

4 

5 

6 

7 1 

8 

9 

10 

A 

C 

A 

D 

C 

B 

A 

B 

B 

D 

11 

12 

13 

14 

15 

16 

17 

IS 

19 

20 j 

C 

C 

C 

c 1 

A 

C 

A 

D 

B 

D 

i 21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

E 

C 

C 

C 

A 

C 

D 

B 

B 

E 

1 31 

32 

33 

34 

35 

36 1 

37 

38 

39 

40 

1 C 

E 

C 

B 

B 

D 

C 

B 

B 

B 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

B 

1 C 

E 

B 

A 

A 

B 

B 

B 

C 

1 51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

C 

B 

D 

A 

B 

A 

D 

D 

C 

A 

61 

62 

63 








C 

C 

D 









True and false: 


64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

F 

T 

F 

T 

F 

T 

T 

F 

F 

T 

74 

75 

76 

77 

78 

79 1 

80 

81 

82 

83 

T 

T 

F 

T 

1 T 

T 

F 

T 

T 

F 

84 

85 

86 

87 

88 

89 

90 

91 

92 

. 93~1 

T 

F 

T 

F 

T 

i F 

F 

T 

T 

F 


! 

r 
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94 

95 

96 

97 

95 

99 

100 

101 

102 

103" 

F 

F 

T 

T 

T 

T 

T 

F 

T 

T 

104 

105 

106 

107 

108 

109 

Tio 

111 

112 


F 

F 

T 

T 

T 

F 

T 

F 

T 



Matching; 


113 

114 

115 

116 

117 

118 

119 

I 120 

121 

122 

C 

D 

B 

A 

B 

C 

D 

A 

A 

B 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

E 

C 

D 

C 

D 

A 

B 

C 

D 

A 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

E 

B 

E 

B 

D 

A 

C 

E 

C 

D 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

A 

B 

B 

C 

D 

A 

E 

D 

A 

B 

153 

1 154 

155 

156 

157 

158 

159 

160 

161 

162 

C 

E 

E 

B 

D 

C 

A 

C 

A 

D 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

B 

C 

C 

B 

D 

A 

E 

c 

A 

B 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

D 

E 

C 

D 

F 

E ' 

B 

D 

C 

A 

183 

184 

185 

186 

187 

188 

189 




E 

B 

D 

C 

A 

E 

B 
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Chapter 16 


(protein MetaSo&sm 


1. WhJt ts th* enzyme manty responsible lor protein t figs si ion ,n atm, 
Stomach? 

A, pepsin. 

2 What is rhe 3chon of pepsin? 

A. 1| hydrolyzes peptide bonds formed by carboxyl grogpj & f 
aromatic amino acids as phenyl alanine, tyrosine and tryptophan. 

3. How pepsinogen is activated? 

A. Through removal of W-terminal end of the enzyme by either (i) 
gastric HCI (2) pepsin Itself. 

J- . Wfl at are Imogens? 

A + They are proenzymes, inactive a t the time of secretion, hut will 
be activated in the gastrointestinal tract* 

5. How ihe activation of zymogen is achieved? 

A 4 @y removing a small polypeptide part of the precursor molecule 
that masks the catalytic activity of the enzyme. 

6 What is its biological significance of producing enzymes as 
tymogens J 

A* Zymogens prevent autodigestion of the cells. 

7. What are (he Important enzymes In pancreatic juice? 

A + Trypsin, chy molrypsln, eiastas^ carboxypeptidase and 

ootlagonase. 

6. How trypslnogen is activated? 

A. first by removal of a peptide from ^-terminal end by 
enteropeptidase [produced by inieslinal mucosal then by trypsin 
itself* 

3. What is the ec/Jon of trypsin? 

A. It hydioly^es peptide bonds formed by carboscyl groups of basic 
amino acids as arginine and lysine, 

10 . How chymotrypsinogun is scllvaied? 

A + It Is activated by trypsin. 


'330- 
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11. What are endopeptidases? 

A. Enzymes that act on peptide bonds inside the protein molecule, 
so that the protein becomes successively smaller and smaller 

units. 

12. Give some examples of endopeptidases. 

A. Trypsin and pepsin. 

13. What are exopeptidases? 

A. Enzymes that act at one end of the protein molecule, liberating 
amino acids sequentially, one at a time. 

14. Give examples of exopeptidases, 

A. Carboxypeptidase and aminopeptidase. 

15. What Is carboxypepf/dase? 

A. It is secreted by pancreas. It Is a metalloenzyme containing zinc. 
It is an exopeptidase, spitting off carboxy terminal bond of the 
protein. 

16. What is aminopeptidase? 

A. H is an enzyme secreted by intestinal mucosal cells. It is an 
exopeptidase, spliting off amino terminal bond of the protein. 

17. Whai are mechanisms of amino acids absorption ? 

A. They include amino acid carrier proteins and glutathione. 

18. Hovs many ATPs are utilized in amino acids absorption? 

A. For each amino acid, one ATP by using carrier proteins and 3 
ATPs by using glutathione. 

19. What is y- glutamyl transferase enzyme (GGT)? 

A. It catalyzes the transport of amino acids to inside the cell. 

20. What is the clinical significance of GGT? 

A. Its blood concentration increased in cholestasis (stop of bile 
flow) and chronic alcoholism. 

21. What are cathepsins? 

A. Intracellular proteases. 

22. in fasting state, nitrogen is transported from muscles as what form? 
A. In the fasting state, muscles release mainly alanine, glutamine 

and valine. They are taken up by liver (alanine), kidneys and 
intestine (glutamine) and brain (valine). 

23. What is transamination? 

A. it is transfer of a-amino group from an amino acid to a-keto acid 
to form the corresponding new amino acid and new a-keto acid. 

24. What are the physiological significance of transamination? 

A. (1) Synthesis of nonessential amino acids (2} Removal of amino 
group in the form of ammonia from most amino acids and 
glutamate through transdeanvination. 
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25, Transamination of oxaloacetic acid will give rise to what? 

A. Aspartic acid, 

26, Transamination reaction of pyruvate with glutamate results in the 
production of what substances? 

A, Alanine and a* ketoglutarate. 

27, What is the clinical significance of transamination? 

A, Blood transaminases are increased in liver and cardiac diseases, 
26, Give an example of transamination reaction . 

A, Glutamic acid + pyruvic acid O a-keto glutarate + alanine, 

29. Transamination of glutamic acid produces what? 

A, a- ketoglutarate. 


30. What is the co-enzyme necessary for transamination reaction? 

A, Pyridoxal phosphate (PLP). 

31. What are the functions of pyridoxal phosphate in transamination? 

A. Pyridoxal phosphate {PLP) acts as an intermediate carrier of 
amino group to transfer it from amino acids to a-ketoglutarate. 

32. What is deamination? 

A, It is the removal of amino group from amino acids in the form of 
ammonia (NH3). 

33. Enumerate types of deamination; 

A. Oxidative deamination, non-oxidative deamination, and hydrolytic 
deamination. 

34. IVh/cii amino acid is oxidatively deaminated in liver? 

Glutamic acid. 


35, What is the reaction catalysed by L- glutamate dehydrogenase? 
A. Glutamate ■* a- ketoglutarate ■+ ammonia. 

36, tVhar are the functions of L-giutamate dehydrogenase ? 

A. Remove, NH, stoop most am , no acids 

{transdeam jnatlon) ,„d sytthasis of non-esaential amino acids 

37, ivnal is the eo-enz,™, required L- S i u ,amaro dehydrogeoaseZ 
A. NAD or NADP\ 


30. What Is transdeamination? 

A. It is transamination of most amino 
form glutamate. Then glutamate is 
(by L-g lutamate dehydrogenase). 


acids with a-ketoglutarate to 
deaminated to give ammonia 


39. What is the reaction catalysed by glutamine synthetase? 

A. Glutamate a ammonia * glutamlna. This reaction reqeirea 
hydrolysis of ATP to ADP. 


40- What is the reaction catalysed by glutaminase? 
A, Glutamine glutamic acid + ammonia. 
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41. GlutaminasQ enzyme is used fur what function? 

A, Excretion of ammonia in kidney tubules. 

42. tVhaf is urea? 

A, St is the end product of protein and amino acid catabolism, where 
liver can convert toxic ammonia into nontoxic urea, 

43. What is the site of ur^a formation? 

A. Liver (in both cytosol and mitochondria). 

44. What is fhe Jrey enzyme of urea synthesis ? 

A. Carbamoyl phosphate synthase I, 

45. What are tho two types of carbamoyl phosphate synthase (CPS)? 

A. CPS-1 is involved in urea synthesis, CPS-li is required For 
pyrimidine synthesis. CPS^l is seen in mitochondria, while CPS-II 
is in cytosol, 

46. VWiar is fhe normal plasma urea level? 

A. 20-50 mg/dl. 

47. Plasma urea level is markedly Increased In which condition? 

A. Impairment of renal functions, 

40. Whs! is the normal urinary excretion of t ire a? 

A., 20 - 40 grams/day. 

49, Nitrogen atoms r n the urea are derived from what precursor's? 

A, One from ammonia and another from aspartic acid, 

50 Gfve an account orr relationship between tricarboxylic acid cycle 
fTCAJ and urea cycie : 

A. C0 2 and ATP needed for urea formation are mostly produced in 
the course of TCA, Aspartate needed also for urea formation is 
derived from TCA from oxaloacetate by transamination. Fumarate 
produced in urea cycle can be oxidized in tricarboxylic acid 
cycle, 

51. Enumerate sources of ammonia: 

A, (1) By transdeamination of amino acids (liver), (2) by deamination 
of glutamine (kidneys), (3) by action of bacterial urease on urea 
present in intestinal fluids (intestine) and (4) catabolism of 
purines and pyrimidines. 

52. What are fate of ammonia: 

A. Formation of non-essential amino acids, glutamine and urea, 

53. Ammonia is immediately trapped in brain by what enzyme? 

A. Glutamine synthetase. 

54. Whaf are causes of ammonia intoxication (hyperammonemia)? 

A. (1) Acquired hyperammonemia due to liver affection by cirrhosis 

or liver cell failure (2) Inherited hyperammonemia due to genetic 
deficiency of one of five enzymes of urea cycle. 
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intoxication ? 


55. What are types of Inherited ammonia 

. na i due 10 deficiency of carbamoyl phosphate 
A. Hyperammonemia type I due io u 

_ nomis tVD e II due to deficiency of ornithine 

synthase I, hyperammonemia type 

transcarbamoylase, ei.rallinamia due to deficiency ef avglnuauccinlc 
acid synthase, argininosuccinate aciduria due to deficiency of 
argininosuccinase and arginlnemia due te deficiency of arginase. 

56. Explain why excess ammonia is ro*ic and may produce coma? 

A. At noratal blood ammonia level, any ammonia reaches the brain is 
incorporated Into glutamine formation by glutamine synthetase 
enzyme. In case of hyperammonemia, ammonia reacts not only 
with glutamate, but also with ^ketoglutarate by glutamate 
dehydrogenase enzymo, This depletes a-ketoglutarate, which is 
an essential intermediate of citric acid cycle. This results in a 
decrease ATP and energy production coma. 

57. What are amino acid forming oxaloacctate ? 


A. Asparagine and aspartate. 

58. What are amino acid forming a-ketogtutarate? 

A, Glutamine, glutamate, proline, Arginine and histidine. 

59. What are amino acid forming pyruvate? 

A, Alanine, serine, glycine and cystine. 

60. What are amino .acid forming formate? 

A. Phenylalanine and tyrosine. 

61. What are amino acid forming acetyl Co A and acetoacetyl CoA? 

A. Phenylalanine, tyrosine tryptophan, leucine, isoleucine, 
threonine, lysine, cycteine, cyctine, glycine, hydroxyproline and 
serine. 

62. What are amino acid forming succinyl CoA? 

A. Isoleucine, valine, threonine and methionine, 

63. Glycine is used for synthesis of what compounds? 

A, Serine, creatine, purines, heme, glutathione, bile salts, htppuric 
acid, collagen, neurotransmitter and glyoxylic acid. 

64. What is glutathione ? 

A, Y- Glutamyl cysteinyl glycine. 

65. What are the functions of glutathione ? 

A, Keeping RBC membrane integrity, carrying amino acids across 
membranes, detoxification of peroxides, activator for some 
enzymes and inactivation of insulin. 

66. What are amino acids Forming glutathione? 

A, It is tripeptide formed of three amino acids, glutamate cysteine 
and glycine. 

67. What are enzymes involved in glutathione synthesis? 

A. Glutamyl cysteine synthetase and glutathione synthetase. 
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68. What are purine atoms derived from glycine? 

A. C4, C5 and N7, 

69. For creatine synthesis, which amino acids are used? 

A, Glycine, arginine and methionine. 

70. Guanid oacetic acid is formed in which tissue and from what amino 
acids ? 

A. in kidney from arginine and + glycine. 

71. Where does mefbyJafion of guanidoacetic acid to form creatine 
occur? 

A. In liver. 

72. What are the functions of creatine? 

A. Creatine phosphate acts as a store of high energy phosphate in 
muscles and used as a source of energy during exercise. 

73. How creatinine is produced in the body? 

A. By spontaneous dehydration ancf dephosphorylation of creatine 
phosphate. 

74. Plasma creatinine level is markedly increased in which condition? 

A. In renal diseases and muscle disorders. 

75. What are the isoenzymes of creatine kinase (CK) ? 

A. CK-MM (derived from muscles), CK-MB (derived from heart 
muscle) and CK-BB (derived from brain). 

76. What is the diagnostic importance of creatine kinase (CK) 
isoenzymes? 

A. CK-MM is elevated in muscle diseases (muscle atrophy), CK-MB is 
elevated in recent myocardial infarction, and CK-BB is elevated in 
damage of brain cells. 

77. What are the sources of oxalic acid in urine? 

A. Glycine and ascorbic acid. 

78. What are conditions of increased urinary excretion of oxalate? 

A. Primary hyperoxaluria and hypervltaminosis C. 

79. What are the metabolic errors of glycine in the body? 

A. Primary hyperoxaluria and glycinuria. 

80. What is primary hyperoxaluria? 

A, It is metabolic disease characterized by excessive excretion of 
oxalate unrelated to dietary intake of oxalate. 

81. What is the cause and effect of primary hyperoxaluria ? 

A. It is due to faiture of conversion of glyoxylate into formate. It may lead to 
excessive excretion of urinary oxalate and stone formation. 

82. What is the cause and effect of glycinuria? 

A. It is due to defect in renal tubular reabsorption of glycine. It 
leads to excessive glycine excretion with subsequent oxalate 
stone formation. 
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S3. What are the sources of glycine in the body? 

A. (1) Serine {by serine hydroxymethyl Iransferase enzy me ) 
{2) threonine {by threonine aidolase enzymes), and (3) glyoxy) ale 
(by transamination). 

B4. Which amino acids are both glucogenic and ketogemc? 

A. Phenyl alanine, tyrosine, tryptophan, lysine and isoleueine. 

Enumerate compounds given by tyrosine, 

A. Catecholamines, melanin pigments, thyroid hormones, | n 
intestine it produces putrefactive products as tyramine, phenol 
and cresol. 

86. Where melanin is synthesized in the body? 

A. in melanocytes present in eye (iris), skin and hair. 

87. What is albinism? 

A, It is a hereditary deficiency of tyrosine hydroxylase enzyme in 
melanocytes. This resuits in defective synthesis of melanin 
pigments in eye (iris) , skin and hair. 

88. What is associated manifestation of ocular albinism? 

A. Nystagmus (oscillatory ocular movement). 

89. What is the immediate precursor of norepinephrine? 

A, Dopamine. 

90. In pheochromocytoma, urine contains what excess substance? 

A, Vanillyl mandelic acid (VMA). 

91. What is the catalytic activity of phenylalanine hydroxylase? 

A. Conversion of phenylalanine to tyrosine. 

92. Which one is essential, phenylalanine or tyrosine? 

A. Phenylalanine is essential. Tyrosine is is non-essential, being 
synthesized in the body from phenylalanine. 

93. When does tyrosine become essential? 

A. if phenylalanine hydroxylase is deficient. 

94. What are the co-enzymes required for phenylalanine hydroxylase? 

A. Tetrahydro bioptrin and NADPH. 

95. Which disease results from deficiency of phenylalanine 
hydroxylase? 

A. Phenylketonuria, 

96. What is the defective enzyme in phenylketonuria? 

A. Phenylalanine hydroxylase. 

97. What is atypical phenylketonuria? 

A. ft is due to deficiency of dihydrobiopterin reductase enzyme. 

98. Pfieny/afanme, on fransamfoat/on will give r j Se to w hat? 

A. Phenylpyruvate, 


Scanned by CamScanner 





337 


Orates ijluslrated review s of b{och*mi*t ru (Q&Aj 

99. What are the features of phenylketonuria? 

A. Mental retardation, hyperactivity, tremors, failure to walk and 

talk, failure to grow, IQ below 50, eczema and high blood phenyl 
alanine. 

100. What is the diagnostic importance of detection of neonatal blood 
phenylalanine? 

A. Early diagnosis of phenylketonuria before development of mental 
retardation, 

101. Pheny/pyruWc acid is excreted in urine in which condition? 

A. Phenylketonuria, 

102. In phenylketonuria, urine wilt be pos/fiVe for what test? 

A. Ferric chloride test, 

103. tV/rat is the cafa/yf/c acfiv/fy of homogenffs/c acid oxidase? 

A. Transformation of homo gent isic acid to maley lace to acetate. 

104. Homogentisic acid is excreted in urine in which condition? 

A. Alkaptonuria, 

105. 1-Vhaf is Jhe defective enzyme in alkaptonuria ? 

A, Homogentisic acid oxidase. 

106. Ochronosis is a manifestation of which condition? 

A. Alkaptonuria. 

107. A person's urine was found to turn biack on standing and gave a 
positive Benedict's test. He is likely to have what condition? 

A. Alkaptonuria, 

108. is the defect in tyrosinemia? 

A. Tyrosine-a-ketoglutarate transaminase and p-hydroxyphenyl- 
pyruvate oxidase, 

109. W/iaf are the important substances produced from tryptophan? 

A, Serotonin, melatonin, niacin, alanine, acetoacetate, indole and 
sketole. 

110. Tryptophan is deficient in which foodstuff? 

A. Maize and corn. 

111. Serotonin is derived from which amino acid? 

A. Tryptophan, 

112. Which amino acid wiU give rise to a vitamin? 

A. Tryptophan gives rise to niacin. 

11 3, What are the functions of niacin? 

A. Synthesis of NAD* and NADF* coenzymes that act as hydrogen 
carriers. Niacin also lowers plasma cholesterol. 

114. Wfraf is melatonin ? 

A, Methyl acetyl serotonin. 
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115 . What is the importance of melatonin? 

A* It inhibits gonadal functions, has sleeping inducing effects, and 
inhibits synthesis of dopamine and GABA and regulation of 
circadian rhythm* 

116 . What are characteristic features of malignant carcinoid syndrome 
(argentaffinom a}? 

A, Increased serotonin production on expense of niacin leading to 
niacin deficiency* This leads to manifestations of pellagra and 
hypertension, 

117. Pellagra is manifested in which conditions? 

A, Niacin deficiency, pyridoxal deficiency, tryptophan deficiency, 
Hartnup's disease and carcinoid syndrome. 

1 IE. What is Hartnup's disease? 

A. !t is a hereditary abnormality in tryptophan metabolism where the 
intestinal absorption and renal tubular reabsorption of this amino 
acid are impaired. This leads to tryptophan deficiency, and 
pellagra like symptoms Mental retardation. 

119, Tryptophan is excreted in large quantities in which condition? 

A. Hartnup’s disease. 

120 WTiaf is indican? 

A. Putrefaction product of tryptophan. 

121. What are the major functions of glutamic acid? 

A, Glutathione, glutamine, folic acid, y-amino butyric acid, excitatory 
neurotransmitter, transamination, trans deamination, ammonia 
trapping in brain and activator for carbamoyl phosphate synthase 

I. 

122. Decarboxylation of glutamic acid wiil give rise to what? 

A. y- Amino butyric acid (GABA), 

123 IVbaf is the function of y- amino butyric acid (GABA)? 

A. It is an inhibitory neurotransmitter. 

124. Glutamic acid can be formed from which amino acids? 

A* Histidine, arginine, proline, glutamine. 

125. are the functions of glutamine? 

A. Trapping ammonia in brain, regulation of acid base balance In 
kidney, synthesis of purines (nitrogen 3 and 9) and detoxification 
of phenylacetic acid. 

126. is glutamine an amine? 

A* No 1 glutamine is an amide of gfutamic acid* 

127. What is an amide? 

A* The extra carboxyl group (other than alpha carboxyl) can combine 
with ammonia to form the corresponding amide. 
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123. «- Am, no group of osp.rllc is f«orp„ra,e<, Info wftlcl, co mp o u „d S ? 

A. Purines (1 nitrogen), pyrimidines (1” nitrogen and C4, 5, 6), and 
1 nitrogen of urea. 

129' 147f|/Cfj -3/111/7 0 3 C t C/S 5ifa rt i j i ra *4 f j a j 

os are required for bor/i purme and pyr/midfne 

synthesis? 

A. Aspartic acid and glutamine, 

130. What are the functions of aspartate? 


A. It enters in the formation of urea, purine {N,}. pyrimidine (N,, C-, 

C 5 and C 6 }, asparagine, neurotransmitter (excitatory) and p- 
Alanine. 

131. Wftat is asparagine? 

A r is an amide of aspartic acid It enters in the structure of some 
hormones like oxytocin and sources of ammonia, 

132. How asparagine is produced? 

A. Aspartic acid + ammonia (by asparagine synthetase and it 
requires ATP)). 

13 3, What is asparaginase? 

A. Enzyme cataiysing the reaction asparagine to aspartic acid + 
ammonia. 


134. kV/iat is asparaginase function? 

A. Ammonia production in kidney tubules- 

135. What are the functions of histidine? 

A, Formation of histamine* carnosine, anserine and ergothionlne. 

136. What is the decarboxy/a tion product of histidine? 

A. Histamine. 

137. Which ceils produce histamine? 

A k mast cells. 

138. Which is the vasodialator produced from histidine? 

A- Histamine. 

139. Wbaf is the significance of histamine? 

A, Vasodilatation, contraction of smooth muscles of bronchi, 
stimulation of gastric secretions* Histamine also acts as 
neurotransmitter, 

140. What is the clinical significance of histamine? 

A* ft is a powerful vasodilator and mediator of allergic reactions 
(anaphylaxis). 

141. What is figiu? 

A, Formimino glutamic acid, it is a product of histidine metabolism. 

142 . Whar is Figiu excretion test? 

A. In folic acid deficiency, there is a block in histidine metabolism, 
and figiu is excreted In large quantities in urine. 
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143, f e fra hydro folic acid is used for what purpose ? 

A. It is the carrier of one carbon fragments. 

144, Name one carbon compounds. 

A. Formyl, formimino, methenyl, methyl, methylene, and methyl 
groups, 

145, Which amino acids are the donors to one carbon pool? 

A. Serine, glycine, tryptophan* histidine and choline. 

146, One carbon units are used for synthesis of what? 

A. C2 and C8 of purine* serine, dTMP a choiinei creatine, epinephrine, 

147, Name some monoamines, 

A. Histamine, dopamine and serotonin, 

14 8, What is histinemia? 

A. This is a hereditary disease due to deficiency of histidinase enzyme. 
It is characterised by mental retardation and speech defects. 

149. 14/fraf are the important substances produced from serine? 

A. Phosp hop rote ins, sphingosine base, cysteine, purines, glycine, 
ethartolamine, choline, phosphatidyl serine and pyruvate. 

150. On decarboxylation , serine will produce what? 

A. Ethanolamine and choline. 

151- What is the product of transamination of alanine? 

A. Pyruvic acid. 

152. What is the significance of glucose-alanine cycle? 

A, During starvation, alanine is released from muscle, and is taken 
up by liver, in iiver alanine is transaminated to pyruvate* and 
pyruvate undergoes gluconeogenesis to give glucose- 

153. How alanine amino acid is related to carbohydrate metabolism? 

A. Through glucose-alanine cycle- 

154. Which amino a ad has two optically active (asymmetric) carbon 
atom? 

A. Threonine. 

155. Lysine is deficient in which foodstuffs? 

A. Cereals. 

156. IVfraf are functions of aspartate? 

A. Synthesis of urea, purine (N,), pyrimidine {N 1( C*. C 5 and C 6 ), 
asparagine, neurotransmitter (excitatory) and 0-Aianine. 

157. Carnitine is synthesized from which amino sold? 

A, Lysine. 

158. Nitric oxide synthase system needs which coenzymes? 

A. FAD, FMN , tetrahydro biopterine, N A DPH. 

159. What are the functions of arginine in the body? 

A. Formation of urea, creatine, nitric oxide (NO) and arginine 
phosphate (arginine P). 
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160- What arginine phosphate? 

A. It Is present In muscles and acts as a source of energy in animals 
(invertebrates). 

161. Whst are the major functions of nitric ox/de? 

A, Vasodilator, smooth muscle relaxant and neurotransmitter. 

162. What is the precursor of nitric oxide? 

A. Arginine. 

163. Which ammo acid will give rise to polyarnines? 

A. Ornithine. 

164. What are polyamines? 

A. Polyamines are putrescine, spermine and spermidine. 

165. What are the functions of ornithin? 

A. Formation of urea, spermidine and spermine. It is used also in 
detoxication. 

166. IVfrat are the functions of polyarnines? 

A. They are growth factors; their concentration is increased in 
cancer, 

167. Va fine enters in which metabolic pathway? 

A. Valine is glucogenic. 

16&. Leucine enters in which metabolic pathway? 

A. Leucine is ketogenic, 

169. Isoteucine joins in which metabolic pathway? 

A. Isoleucine is partly glucogenic and partly ketogenic. 

170. Branched chain ketoacids are excreted in urine in what condition? 
A. Maple syrup urine disease. 

171. What is the defect in maple syrup urine disease? 

A. Deficient oxidative decarboxylation of branched chain keto acids. 

172. Which is the purely ketogenic amino acid? 

A. Leucine. 

173. W/?at are important aminoacidurias, which cause mental 
retardation? 

A. Phenyl ketonuria, homocystinuria, maple syrup urine disease. 

174. What are the functions of proline? 

A. Formation of hydroxyproline and collagen synthesis. 

175. What are the functions of p-alanine? 

A. Formation of pantothenic acid, anserine, carnosine and coenzyme 
A. 

176. What are the functions of thioethylamine? 

A. Formation of coanzyme A and acyl carrier protein. 

177. LVfiai are the functions of threonine? 

A. Formation of phosphoproteins and glycine. 
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17B. What are the functions of cysteine? 

A. Formation of glutathione, taurine, thioethylamine, cysteine, 
keratins, active center of many enzymes and detoxication. 

179. What are the functions of taurine? 

A. Taurine combines with sodium cholic acid to form sodium 
tauroeholie acid. It is one of bile saits, which are important for 
digestion and absorption of lipids. 

180. What are the functions of methionine? 

A. Formation of S-adenosyl methionine, cysteine, spermidine, 
spermine. Methionine acts as lipotropic factor. 

181. What is transmethylation? 

A. Transmethylation is the transfer of methyl group from methyl 
donor to methyl acceptor. 

182. Give example of methyl donor? 

A. Active methionine (S-adenosyl methionine) and active choiine 
(betaine). 

183. What is the methyl donor in transmethylation reaction ? 

A. S-adenosyl methionine. 

184. tVhat are important substrates for transmethylation reactions 
{methyl acceptors)? 

A. Homocysteine (to give methionine), uracil (to give thymine), 
norepinephrine (to give epinephrine), guanidoacetic acid {to give 
creatine), and carnosine (to give anserine). 

185. What is the defective enzyme in homocystinuria? 

A, Cystathionine p-synthase enzyme. 

186. What are the Characteristic features of homocystinuria? 

A. Mental retardation, osteoporosis, dislocation of eye lens and 
thrombos es. 

1ST. Homocystinuria is due to abnormal metabolism of which amino 
acid? 

A. Methionine. 

188. What is cystathionuria? 

A* This is accumulation and excretion of cystathionine due to 
deficiency of cystathionase enzyme. No clinical symptoms are 
present. 

189. What are amino acids used in Defojacafioc? 

A. Glycine, cysteine and glutamic acid. 

190. What are amino acids used in synthesis of vitamins? 

A. Tryptophan gives nicotinic acid, P-alanine gives pantothenic acid, 
glutamic acid gives folic acid and serine gives choline. 
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191. What are amino acids used in synthesis of hormones? 

A. Tyrosine gives catecholamines and thyroxin and tryptophan gives 
melatonin. 

192. What is nitrogen balance ? 

A. Nitrogen intake (in the form of dietary proteins) is egual to 
nitrogen loss from the body (in urine, feces and in milk), 

193. What is positive nitrogen balance? 

A. Nitrogen intake is greater than nitrogen toss. It occurs where the 
formation of tissue proteins is increased e.g, growing children 
and muscle training. 

194. What is negative nitrogen balance? 

A. Nitrogen intake is less than nitrogen loss, It occurs where the 
breakdown of tissue proteins is increased e.g. diabetes mellitus 
and starvation. 

195. What is hypoproteinosis? 

A. It is a condition ol dietary proteins deficiency. 

196. What are causes of hypoproteinosis? 

A. In adult hypoproteinemia and In infants kwashiorkor and 
marsmus, 

197. Whaf is kwashiorkor? 

A. A nutritional disease resulting from deficiency of only dietary 
protein children aged 1-3 years. It leads to growth retardation, 
anemia, vomiting and anorexia (loss of appetite), 

198. What is marsmus? 

A. This is a disease resulting from deficiency of dietary protein 
together with dietary carbohydrate and fat. 

199. What is Alzheimer? 

A. It is a neurological disorder resulting from deposition a protein 
known as p-amyloid. It is insoluble protein. It leads to dementia. 

200. What is a prion disease? 

It is also called spongiform encephalopathies (or mad cow 
disease), it is a neuro degenerative disease due to aggregation 
and deposition of infective protein known as prion protein . It is 
insoluble protein. 

201. Wtofch amino acids act as art inhibitory nenrotransmitter? 

A. Glutamic acid and glycine, 

202. What is meant by neurotransmitter? 

A. Neurotransmitter Is a chemical substance synthesized and 
released by one neuron (by presynaptic terminal) into a specific 
receptor or an adjacent cell (post synaptic). 
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203. What is chemical nature of neurotransmitter? 

A. Amino acids (glycine, glutamate and aspartate}, amino acid 
derivatives (catecholamines, serotonin, GABA and histidine) or 
peptides (substance P & endogenous opioid peptides). 

204. What are neuropeptides? 

A. They include endogenous opioids, substance P, somatostatin, 
thyrotropin releasing hormone (TRH), corticotropin releasing 
hormone, vasoactive intestinal polypeptide, choiecystokinin and 
neurotensin. 

205. What are endogenous opioids? 

A* They include endorphins, enkephalins, dynorphins), They are 
large peptides present mainly in the pituitary and hypothalamus* 

206. What is function of ^-endorphin? 

A* p-Endorphins are 18-30 times more potent than morphine. They 
Inhibit the release of substance P Le. relieve pain. 

207. What is Parkinson's disease? 

A. It is due to decrease of dopamine neurotransmitter fn mid brain 
(gradual degeneration of certain cerebral area of substania nigra 
present in mid brain). It occurs over 60 years. It includes static 
tremors (pills rolling). These tremors interfere with motor 
functions of skeletal muscles* 

208. Succinyi CoA is formed from which substrates? 

A. Isoieueme, valine, methionine, and odd chain fatty acids. 

209. Fumarate is produced from which substances ? 

A. A, Arginino succinate. B. Phenyl alanine. 

210. Alpha keto glutaric acid is formed from whtch substances? 

A. Glutamic acid, histidine, arginine, and pro line. 

211. Aspartic acid enters the TCA cycie at which level? 

A. Qxaloacetate. 

212 Com P sr ^ between C arbamoyi phosphate synthetase(CPS) I & //: 



CPS I 

CPS 11. 

Function 

Urea synthesis 

Pyrimidine synthesis 

Site 

Mitochondria of liver 

cells 

Cytosol of most tissues 

Substrates 

Ammonia, CQ 2 and ATP 

Glutamine,C0 2 and ATP 


213. Compare between triiodothyronine (T3) and reverse triiodo 
thyronine (rT3): 



T3 

rT3 

Structure 

3, 5 p 5‘ Triiodothyronine 

3,3^5* Triiodothyronine 

Bflogical 

activity 

Active 

Inactive 
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214, Compare between L-amino acid oxidase and L-giutamate 
dehydrogenase. 



L-Amino acid oxidase 

L-g^utamdie OK 

Site 

Liver and kidney 

Cytosol and 

mitochondria of most 

tissues 

Substrate 

L-Amino acids 

L-GI utamate 

Coenzyme 

FMN 

NAD‘ or NADP* 

h 2 o 2 

Produced 

Not produced 

Reaction 

l rreversible 

Reversi ble 

,Type of 

dehydrogenase 

Aerobic 

Anaerobic 

Cytochrome 

system. 

Needed 

Mot needed 
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fWCQ, Matching, True an<£ <FaCse and 

CompCetion 


Select and encircle the most appropriate answer or 
completion: _^___ 


1. Adrenaline and nor-adrenaline are formed from: 

A. Epinephrine 

B. Tyrosine 

C. Cysteine 

D. Tryptophan 

2. Thyroxin is derived from: 

A. Tyrosine 

B. Tryptophan 

C. Taurine 

D- Tryptamine 
E r Methionine 


3. Tyrosine is: 

A. An essential amino acid 

B. A precursor in the biosynthesis of serotonin 

C. A precursor in the biosynthesis of y-aminobutyrie acid (GABA) 

D. Both ketogenic and glucogenic 

E. A precursor in the biosynthesis of thiamin 

4. Transaminases: 

A. Usually require glutamine as one of the reacting substrates. 

B< Catalyze reactions that result In the production of ammonia. 

C. Catalyze irreversible reactions. 

D. Require pyridoxat phosphate as coenzyme. 

E. Are unable to catalyze transamination reactions with essential 
amino acids. 


5. All the following about transaminases are true EXCEPT: 

A. Direct produce free ammonia 

B. Need pyridoxat phosphate as a coenzyme 

C. Catalyze reversible reactions. 

D. Function to synthesize nonessential amino acids 

E. Used for diagnosis of some diseases 


6. Phenylalanine and tyrosine enter the citric 
degradation to.* 

A. Pyruvate 

B. Fumarate 

C. Succtnyl CoA 

D. a-Ketoglutarate 

E. Citrate 


acid cycle after 


7 ‘ S g*oup°tt* tmethi0nine ls a meth y ,3tin 9 *3ent that transfers a methyl 

A. Acetate 

B. Homocysteine 
C* Norepinephrine 

D. Pyruvic acid 

E* Testosterone 
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8. Serine is converted to ethaj?ofam;ne by the removal of: 

A. Hydrogen 

B. Oxygen 

C. Carbon dioxide 

D. Ammonia 

E. A carboxyl group 

9. Gamma decarboxylation of aspartic acid produces; 

A. Asparagine 

B. fS-Alanine 

C. y-Amino butyric acid 

D. Glutamic acid 

E. Serine 

10. rrypfop/jgn is AIQ7 used in the biosynthesis of: 

A. Niacin 

B. Serotinine 

C. fAelatonine 

D. Norepinephrine 

E. Indol 

11. Giycine is needed for the formation of: 

A. Serotonin 

B. Glutathione 

C. Pyrimidine bases 

D. Thyroxine 

E. Melatonin 

12. Aspartic acid is (be source of: 

A. One nitrogen atom of urea 

B. The two nitrogen atoms of urea 

C. The carbon atom of the urea 

D. The oxygen atom of the urea 

13. if a normal adult is placed on a diet deficient only in phenyalanine, 
which of (be following statement is CORRECT ; 

A. Signs and symptoms of phenylketonuria will appear. 

B. Signs and symptoms of myxedema will appear, 

C. Tyrosine in the diet cannot be used to synthesize catecholamine, 

D. Tyrosine becomes an essential amino acid. 

14. In relation to proteins, which of the following statements is 

CORRECT : 

A. The end product of all amino acids catabolism is urea. 

B. All essential amino acids are glycogenic. 

C. Ornithine, citrulline and p-alanine are found in tissue proteins. 

D. in the presence of adequate dietary sources of tyrosine, 
phenylalanine is not an essential amino acid, 

15. Amino acids considered non-essential for human are: 

A. Those incorporated into protein, 

B. Those not synthesized in the body. 

C. Those synthesized posMranslationally. 

D. Those cannot be transaminated. 

E. Those cannot be deamlnated. 
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16. fn the fQrmation of urea, aft the foflowings are correct EXCEPT: 

A, Aspartate supplies one of the nitrogen found in urea. 

B. Fumarate is produced, 

C, Genetic deficiency of any enzyme can lead to hyperammonemia* 

D. Carbamoyl phosphate synthase I requires N-acetyl glutamate as 
allosteric effector. 

E + The site of the urea formation is the kidneys* 

17. AH of the followings are correct about ornithine EXCEPT : 

A, Flays a major role in urea cycle. 

B, Is a precursor of sperm in and spermidine. 

C, Can be used in detoxication of phenyl acetyl CoA. 

D, Is a source of Ml of purine bases. 

E- It is non protein amino acid. 

18. Removal of amino groups from amino acids in man is performed 
mainly by: 

A. Transamination 

B. Oxidative deamination 

C. Trans deamination 

D. Non-oxldative deamination 

E. Hydrolytic deamination 

19. Serine is important for synthesis of all of the following EXCEPT . 

A. Phosphoproteins 

B. Sphingosine 

C. Carnitine. 

D. Choline. 

E. Glycine 

20. All of the followings are true about the branched chain amino acids 
EXCEPT 

A. AH are essential amino acids. 

B. Ail are glucogenic amino acids. 

C. Are metabolized Initially In brain, muscles and adipose tissues. 

D. Metabolic error leads to Maple syrup urine disease. 

E. Are eatabolized into succinyl CoA, acetyl CoA and acetoacetyl 
CoA. 

2 1. Which of the foliowing amino acids can be metabolized to fatty 
acids in mamma/s.' 

A. Leucine 

B. Glycine 

C. Methionine 

D. Arginine 

E. Histidine 

22. Which of the following amino acids is synthesized only 
posttranslationaiy, after incorporation of a precursor into a 
polypeptide? 

A. Rroline 

B. Hydroxyproltne 

C. Glutamate 

D. Serine 

E. Glycine 
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2 3. Which amino acid undergoes Ua ns animation to form ok foiled fate. 

A. Alanine 

B. Glycine 

C. Aspartate 

D. Lysine 

E. Ornithine 

24. Which amino acid undergoes transamination to form gfyoxylic .ie id: 

A. Alanine 

B. Glycine 

C. Glutamate 

D. Aspartate 

E. Lysine 

25. A J/ the followings about the glutamate dehydrogenase are trt*e 
EXCEPT . 

A, It catalyzes a reversible reaction 

B. Its coenzyme is FAD. 

C. U catalyzes the synthesis of non-essential amino acids. 

D, It catalyzes the removal of amino group in the form of ammonia. 

6, It is allostencally inhibited by ATP, GTP and NADH+H*, 

20. A tkaptoniiria ts due to the absence of : 

A. Homoqenfisic acid oxidase 

B. Tyrosine oxidase 

C. Tyrosine hydroxylase 

D. Phenylalanine hydroxylase 

E. Dopa decarboxylase 

27. All tire following about ph c n yike ton u ria nr& true EXCEPT : 

A. Is associated with mental retardation 

B< Is due to deficiency of phenylalanine in diet 

C* Is due to inherited deficiency of phenylalanine hydroxylase 

D. May result from deficiency of dihydrobiopterin reductase 

E. Is associated with excretion of phony Spy ruvato and pheny llactate 

23. Ail the following about fyrosj'neruro are true EXCEPT : 

A. ts associated'v^ith liver cirrhosis or failure’ 

B. Is due to inherited deficiency of tyrosine a-ketoglutarate 
transaminase 

C. May result from deficiency of parahydroxy phenyIpyruvate 
oxidase 

D. Has two forms acute and chronic 

E. Prevented hy feeding infant with diet low in phenylalanine, 

29. The metabolism of tryptophan results In production of a substance 
that: 

A. Forms heme. 

B, Prevents albinism, 

C a Causes vasoconstriction. 

D + Causes vasodilatation 
E. Causes phenylkfilonuria* 

30. An e s sen tiaf amino acid in man Is. 

A. L-proline 

B. L-tyrosine 

C. L-serine 

D. L-methionine 

E. L-glutamate 
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3t Albinism is due to the jbsertco of: 

A. Tyrosine hydroxylase 

B. Dope oxidase 

C. tryptophan pyrrolase 

0. Hornogontislc acid oxidase. 

E‘ parahydroxy phenylpyruvate oxidase 

32 Alt the following statements concerning the degradation of amino 
acids are true EXCEPT ' 

A. Leucine leads to the production of succtnyl CoA, via prppionyl 
CoA. 

B. Histidine leads to the production of acetyl CoA via glycine and 
acetate. 

C. Phenyl alanine leads to the production of fumarate via tyrosine 
and homogrjntlsic acid. 

□ . Aspartate lead to the production of oxaloacetete via a- 
ketoglutarate. 

E, Tryptophan leads to the production of 5-hydroxy indolacctic acid 
via serotonin. 

33, Which of iho following proteolytic enrymes has the greatest effect 
on the activity of offior proteolytic enzymes involved in protein 
digestion 7 

A. Trypsin 

B. Chymotrypsin 

C„ Carboxypcptldasc 

O. Elaslase 

E. Amlnopepiidase 

34, Which of the foheiyr'nrr sfetemenrs about (ha synthesis of carbamoyl 
phosphate by carbamoyl phosphate I is fNCQRREC T ? 

A- the reaction is allostorlcally activated by N-acelyF glutamate. 

B. The reaction requires hydroTysis of two high energy phosphate 
bond;. 

C, i lie reaction ts considered the rale limiting step in the urea cycle. 

D. The reaction is reversible. 

E, The reaction occurs En the mitochondria of liver cells. 

35, Which of ifte followings ts synthesized from an essenfiai amino 
acid? 

Ar A La nine 

B. Giy|arul0 

C. PrcTine 

P. Tyrosine 
E- Aspartate 

36 fuCORRECT 9 iUtam{Tie - * ,t " Ch ° n ° ° f ^tomsnfs f* 

A, Its synthesis needs glutamine synthetase. 

B, 11 trapped ammonia In a nonto^ic form in the brain. 

C, It Is one reactant of all transamination reaction. 

D, ft is the source of Nj and of purine bases. 

E, ft may be used in regulation of acid base balance in the kidney. 

3 7p Azpdrti c aetd is in corpora fed in fijo syn thesis of. 

A. PorpE*yrin$ 

8. Steroids 
C + Sphiing cHplds 

D. Pyrimidines 
E„ Coenzyme A 
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38. Which one of the fallowing statements concerning urea cycle is 
CORRECT ? 

A. It occurs in the cytosol of Intestinal cells. 

B. it utilizes 2 ATP molecules. 

C. N-acetylaspartate is an activator of carbamoyl phosphate 
synthase I. 

D. The immediate precursor of urea is citrulline. 

E. In patients with renal failure, urea levels are elevated. 


39, Which one of the following statements concerning profern digestion 
is CORRECT ? 

A. Chymotrypsin acts on peptide bonds formed by the amino acid 
glycine. 

B. Trypsin is an exopeptidase that liberates free amino acids. 

C. Pepsinogen is activated by enteropeptidase. 

D. Pepsin is an endopeptidase secreted by the pancreas 

E. Trypsin can act as an activator for ail zymogens of pancreatic 
proteases. 

40 Which one of the following statements is CORREQ T? 

A. in human, the end product of amino acids catabolism Is uric acid. 

n is the enzyme that is acting on elastind* 

c! R.„“n .ct. on Join In Presence of calcium Ion. to form mil* 

D. blasting ..a.., pla.ma •«l«° * cid!1 are derivdd n, ° Stl¥ ' r ° m 

E. Transaminase using alanine and „.ketogluta,a.a as subslra.es 
produces glutamate and oxaloacetate. 

41. in the figure below, which one of the following s.a.emsnl* Is 

B. Amino acids l.^anVoar^santlai amind acids. 

D' £m!no ;:«& 

E, Amino acid 5 is pure kelogemc. 


H2N-CH - COOH 

CHo-COOH 

' © 

CH,- CH^-CH-COOH 

S-CH3 nh 2 

© 

Hf 2 M'CH - COOH 

ChU 

1 £ 

CH 2 . COOH 0 1 

^ 3 >ch-ch 2 -ch-cooh 

kh 2 (4J 

'%CH -CH-COOH 
ch 3 ^ • /-x 

nh 2 ( 5 ) 



42. in urea synthesis, w 
triphosphate (ATP)? 


hich of the following enzymes uses adenosine 


A. Arginase 

B. Ornfthin transcarbamoyla 

C. Arginosuceinate synthase 

D. Arglnosuccinase 

E. Fumarase 
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43. Which of the following amino acids is formed by transamination of a 
member of the glycolytic pathway: 

A. Methionine 

B. Lysine 

C. Serine 

D. Tyrosine 

E. Valine 

44. Among 100 grams free amino acids distributed throughout the body, 
the amino acids found in the highest concentration are : 

A, Alanine and [3-alanine 

B, Glutamate and glutamine 

C, Alanine and glycine 

D* Phenylalanine and tyrosine 
E. Aspartate and asparagines 

45. The decarboxylation of which following amino acids produces a 
vasodilating compound? 

A. Arginine 

B. Aspartic acid 

C. Histidine 

D. Glutamine 

E. Proline 

46. in the urea cycle: 

A. Carbamoytphosphate is derived directly from glutamine and C0 Z 

B. Ornithin directly reacts with aspartate to generate 
arginosuccinate 

C. Ornithine directly reacts with carbamoylphosphate to form 
citruiline 

D. The a-amino group of arginine forms one of the nitrogens of urea 

E. N-Aetylglutamate is a positive allosteric effector of ornithine 
transcarbamoylase 

47. Conversion of creatine into creatinine is: 

A. An enzymatic dehydration reaction 

B. Non-enzymatic dehydration reaction 

C. Reversible reaction 

D. Hydrolytic reaction 

48. Tryptophan is the precursor of: 

A. Melanin 

B. Creatine 

C. Epinephrine 

D. Thyroxine 

E. Niacin 

49. Histidine is: 

A. Glucogenic amino acid 

B. Ketogenic amino acid 

C. Glucogenic and ketogenic amino acid 

D. Non essential amino acid 

E. Imino acid 

50. Epinephrine is formed from norepinephrine by: 

A, Methylation 
B* Hydroxylation 

C. Carboxylation 

D. Oxidative decarboxylation 

E. Oxidative deamination 
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51. Phenylketonuria is a genetic defect caused by the absence of the 
enzyme: 

A* A Ketoacid decarboxylase 

B. Tyrosinse 

C k Phenylalanine hydroxylase 

D. Homogenttsic acid oxidase 

E, Alanine transaminase 


53. Which of the following statements is INCORRECT : 

A, All essential amino acids are glycogenic 

B, In deficiency of phenyl alanine hydroxylase, tyrosine becomes 
essential 

C, The end product of ail amino acids catabolism is urea 

D, Pyfidoxal phosphate is the coenzyme for transamination 

E, Reverse T 3 is biologically inactive hormone 


53, Hippuric acid is a detoxication product of: 

A. Aspirin 

B. Benzoic acid 

C. Bromobenzine 

D. Testosterone 

E. Phenyl acetic acid 

54 . Hartnup's disease is an inborn error in metabolism of the ammo 
acid: 

A. Histidine 

B. Arginine 

C. Tryptophan 

D. Isoleucine 

E. Tyrosine 


55 . Melatonins is derived from: 

A. Tyrosine 

B. PhenyI alanine 
C* Tryptophan 

D* Taurine 
E. Tryptamine 

56 . mamm.l., rr yptpph‘« I* 3 of oil of (lie 

EXCEPT : 

A. Nieotinate 

B. Serotonin 

C. Histamine 

D. Melatonin 

E. Niacin 


following 


nt trvntophan results in production of a substance 
57. The metabolism u ' *** 

Acts as a neurotransmitters 

B. Forms heme 

C. Prevents albinism 

D. Causes tyrosinosis 

™ E Ai?Thl tfwpr a ‘°“'"> 'w™ EXCEPT: 

A An essential amino acid 
B Is ketogenic and glucogenic 

r A precursor in the biosynthesis of serotonin 
n’ A nrecursor in the biosynthesis of melatonin 
E A precursor in the biosynthesis of melanin 
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59. Ail the followings occur in humans EXCEPT : 

A. Serine -> Cysteine 

B. Homocysteine -> Methionine 

C. Phenylalanine -> Tyrosine 

D. Arginine Arginine phosphate 

E. Proline Glutamate 

60. i^/hich of (/re fof/otWng fs MOT* invo/ved in the biosynthesis Q f 
creating phosphate? 

A. Pyridoxal phosphate 
8. ATP 

C. Methionine 

D. Glycine 

E. Arginine 

61. Which enzymatic step is NOT involved in the biosynthesis of 
epinephrine: 

A - A methyl a lion 

B. An aliphatic hydroxylation 
C« An aromatic hydroxylaticn 
D* A carboxylation 

E. A decarboxylation 

62. The major amino acid that is released from muscle and converted to 
glucose in the liver is: 

A. Alanine 

B. Glutamine 

C. Valine 

D. Aspartate 
E + Glutamate 


63. Each of the following statements about the kidney is correct 
EXCEPT : 

A. It uses ammonia released from glutamine to buffer acids 
8. It converts glutamine to glutamate and free amonnia 
C- During fasting, it provides plasma alanine and serine 

D, ft synthesizes most of the urea that is excreted in urine 

E. It contains one enzyme responsible for creatine synthesis 


h 2 n- ch-cooh 

r I 

ch 2 
i 

ch 2 -cq-nh 2 . 


64. Tho structure beside: 

A. Is a dipeptide 

B. Is glutamine 

C. Is given the abbreviation GABA 

D. Can involved in linking phosphate to a protein 
chain 

E. Is essential dietary component for human 

serine to glucose’™'** 3 ^ vitamins are involved in transformation o 

A. B 12 and nicotinamide 

B. Folic acid and Pyridoxal phosphate 

C. FoJic acid and B 1a 

0. Riboflavin and niacin 
E. Pyridoxal phosphate and B 12 











Orab£s ijlustratet revie w s of biochemistry (Q&A) 


66 . Th 

of 


e enzyme onteropeptidase 
dietary protein because ff 


Is important in 
converts: 


the intestinal 


A. 

B. 

C. 

D. 

E. 


Pepsinogen to pepsin 

Procarboxypeptidase A to carboxypeptidase A 
Trypsinogen to trypsin 

Procarboxypeptidase B to carboxypeptidase B 
emotrypsinogen to trypsinogen. 


355 

digestion 


G7, The principle nitrogenous urinary excretion product in human 
resulting from the catabolism of AMP is: 

A* Creatinine 
B, Urea 
C* Uric acid 
D* Thiamin 
E- Thymin 


6B. A 

A, 

B, 

C, 

D, 

E, 


putrefactive ivasfe 

Serotonin 
Melatonin 
Qresoi 
Indi can 
Niacin 


product produced from tryptophan is: 


69, A 

A. 

B. 

C. 

D. 

E. 


putrefactive waste product produced from tyrosine is: 


Serotonin 
Melatonin 
C r e s o I 
Indican 
Niacin 


70. The melanin pigments of hair and skin is derived from: 

A. Histidine 

B. Tyrosine 

C. Alanine 

D. Arginine 

E. Lysine 

71. Conjugation of glycine with benzoic acid produces: 

A. Hfppuric acid 

B. Glucuronic acid 

C. Aspartic acid 

D. GABA 

E. Creatine 

72. The main physiological methyE donor is: 

A. Glutathione 

B. S-adenosy! Methionine 

C. Cysteine 

D. Homocysteine 
E* Serine 

73. Glutamate participates in synthesis of the following substances 

EXCEPT : 

A* Glutamine 

B, Glutathione 

C, Creatine phosphate 
D* Folic acid 

E. GABA 
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74. Formic acid can bo obtained from which of the following metabolic 
pathways: 

A. Urea cycle 

B. Kreb’s cycle 

C. Tyrosine metabolism 

D Phenylalanine metabolism 
EL Tryptophan metabolism 

75. Fu marie acid can be obtained from the following EXCEPT , 

A* Urea cycle 
B* Kreb's cycte 

C. Tyrosine metabolism 

D. Phenylalanine metabolism 

E. Tryptophan matabolism 


tn the following questions indicate with clear (T) the true 

statements , and wrffr clear (F) the false statements: 


Which of the following statements arc TRUE for comp onents of the urea 
cycle : 

7G Urea is produced by the action of urease 

77 The synthesis of carbamoyl phosphate is stimulated by arginine 
amino acid 

78 The reaction catalyzed by ornithine transcarbamoylase is the 
committed step of the cycle 

79 Aspartate provides one of the urea nitrogens 

80 The first 2 steps of the cycle occur in mitochondria 

Pi'rid oxal phosphate is _ required for f he enzymes catalyzing the 

loifowinp reactions: 

SI Glutamate + NH 3 + ATP Glutamine + ADP + Pi + H 2 0 

82 Glutamate + NAD*+ H Z G -> a-ketog futarate + MADH + H + + NH 3 

83 Glutamine + H ? 0 -J- Glutamate + WH 3 

84 Glycine + Succinyl CoA 6 Amino levulonic acid 

85 Glutamate + Pyruvate a-ketoglutarate + Alanine 

Tetrah ydro folate derivative is required for the conversion of: 

36. Cobalamine to methyl cobalamine 

57. Serine to glycine 

58. Phenylalanine to tyrosine 
89. Histidine to glutamate 

90 Acetyl CoA to malonyl CoA 

The conversion of propionyLCoA to succinyl CoA requires: 

91. Tetrahydrofolate 

92. Biotin 

93. Vitamin B T 2 

94 r More than one enzyme 

95. GTP 

S-Adenosyl Methionine (SAM) is a mcthYlating_ac[ent in: 

96. The conversion of norepinephrine to epinephrine 

97. The conversion of phenylalanine to tyrosine 
9S. The synthesis of creatine from guanidoacetato 

99, The synthesis of niacin from tryptophan 

100. The synthesis dump to dTMP 
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In mammalUn fistic „ t ,, . 

'* tt ” lm P*iviaLn£2nt'i*<>' on the 

lot . Heme 

1 02 Creatine 
10 3. Catacliolamlno 
1 04 Spermidine 
105 . Gauri tne 


For cm n tin e : 

in 7 !! ro ^ uires glycine, arginine and methionine for its synthesis 
ins ^ act f as a c 3rrier for long chain acyl CoA 
i .vn ^ rGatme P flos Phate contains high energy bond 
It as synthesized In the kidney 
Creatinine is anhydrous creatine 


IVh/ch of the following statements about nifrogon metabolism are TRUE : 

^ ' Formiminglutamate (FIGLU) is an intermediate in histidine 
degradation, 

\ Cystathionine is cleaved to form serine and methiono. 

Glycine and arginine provide all the nitrogen for creatine 
synthesis, 

8-Adenosylmethtonine provides sulfur for biosynthesis of creatine 
phosphate. 

1 1 Ammonia and Aspartate provide all nitrogen for urea synthesis. 


The following jj-amirro ecids t h*- / r r n r r : - r- z ^ ■~ r ■: * h leyc/ds a s 

intermediates of citric acid cyc/e: 

1 1 ^ Alanine 
1 [ Aspartate 
110 Valine 
1 1 9 - Glutamate 
1 2 ^ Ornithine 

ChymoArvnsin: 

12V, | s a gastric enzyme, 

122 Acts on pcp 1 ide bonds of small amino acids 

123 Its inactive form; chymotrypsinogen is activated fay 
enteropeptidase enzyme. 

124, Us secretion is stimulated by cholecystokinln. 

123 It Is exopeptidase. 

The following g-amino acids are cfa s sjfi'eL* ns sent Ml am/no acids for 

man; 

1 2G Phenylalanine 
1 2 ? Methionine 
120 Glycine 
i 2 ^ j Seri ne 
1 30' Tryptophan 

Peon in 

131. is secreted by body chief celts of the stomach. 

132 is secreted as Inactive form called trypsinogen* 

133 j| s optimum pH for action is 1-2. 

134 it Is secreted under the influence of gastrin hormone. 

135. exopeptidase that acts on the periphery of polypeptide chains. 
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GloJaf/ijone.' 4t ___ 

13$, Is synthesized in only one step catalyzed by glutathione synthase. 
137, Has a role in amino acid absorption and transport- 

138 Removes H 2 Q 2 in the presence of glutathione catalase enzyme, 

139 is a tripcptide formed of arginine, cystine and aspartate. 

140 inactivates insulin by hepatic Insulln-glulathione 

transhydrogenase. 


Aspartate: 

141 Is glucogenic and ketogenic amino acid. 

142. Acts as inhibitory transmitter in CMS, 

143, Is a source of Ml of pyrimidine ring. 

144 Gives asparagine by asparagine synthetase, 

145. gives p-alanine by decarboxylation. 


Crc at j nc frmase enzyme: 

146. has 3 isoenzymes MM r SB and MB. 

147. catalyzes the conversion of creatine into creatinine. 

148. is present mainly in skeletal, cardiac musctes and brain. 

149. Its level gets its peak after one week of the onset of myocardial 
infarction. 

150. Is present in cardiac muscle mainly as MB isoenzyme. 


Creatine; 

151 . is a simple protein. 

152. Has a role of transport of long chain acyl CoA to the Inside of the 
mitochondria for oxidation. 

153. is formed in kidney and Jiver and stored in skeletal musctes. 

154. Us end product 5s creatinine. 

155. Forms creatine phosphate that is the stored form of energy in 
muscle. 

For the fotlov/inn amino rjgjrfs, 

Asparta te Leucine, 


A. r ;!)i ;■ .r?j'r; - 2 , 

B. 


D. Valine. 

E P 


15G, 

157, amino acids [A and B] are glucogenic. 

15S. amino acids [B, C and D] are essential. 

159. amino acid [D is exclusively ketogenic. 

180 amino acid [CJ is degraded to pyruvate after transamination, 
amino acid [E] is catabolized into succinyl CoA. 

L -Gluts m ate d e/j y r ho r? on a s o: 

161, 


182 its coenzyme is FAD 

One of its functions is synthesis of non-essential amino acids. 
184. it catalyzes the removal of amino group in the form of ammonia. 
185^ It is an enzyme present in most tissues, 
ft catalyzes an irreversible reaction. 

Glycine 

16$. 


^7- is a precursor of thyroxin. 

188. forms 1/3 of collagen protein. 

189. ketogenic amino acid. 

170 acts as inhibitory transmitter in spina! cord and medulla. 

can be converted into serine by serine hydroxymethyl transferase. 

In a 3 v/et>ks old male infant v/ith c lassical Phenylketonuria- 
171, ' “ — ~ 

■ ^ Tyrosine becomes an essential amino acid for the Infant. 

*73. High levels of phenylalanine are found in blood. 

Vl'l' The diagnosis of phenylketonuria is performed 4 days after birth. 

! ; A phenylalanine rich diet should be initiated immediately. 

If untreated, the infant will develop mental retardation. 
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^*?I* n f* metabolis m of branched chain amino acids : 

17 6, Lipoic acid is not required 

177. Leucine is converted to acetoacetyl CoA 

17B + Maple syrup urine disease results from deficiency of oxidative 
decarboxyltion of their a-ketoacids 
179. Non of carbons of isoleucine is converted to succinyl CoA 
180 Valine is pure glucogenic and is converted to succinyl CoA 

Glutamate 

18 .. Is provided in transamination reaction in which aspartate reacts 

with a-ketoglutarate, 

132. Together with glutamine form half of amino acids pool of the body 
1B3. Enters the urea cycle and directly provides carbon for synthesis of 
arginine 

184. Is produced by the action of glutamate dehydrogenase on ct- 
ketoglutarate 

1 j.3. Acts as inhibitory neurotransmitter in brain. 

Giutamate 

186. Can provide both nitrogens of urea 

187. Is often one of the products or reactants in transamination 
reactions 

188. Can be oxdatively deaminatcd 

189. Can he converted to glutamine in a single step 

190. Can be converted to GABA in the brain 

Serine : 

191. Is the only amino acid that contains a hydroxyl group 

192. Is a glucogenic amino acid 

193. Is an essential amino acid 

194. Is converted to glycine by a reaction requiring tetTahydrofolate 

195. Is converted to pyruvate and ammonia by serine dehydratase 


Matching: For each set of numbered questions, choose the 
ONE BEST answer from the list of lettered options below it. An 
ansv/er may be used once or more times t or not at all. 

1 96. Carnitine 
197. Keratin 
1 98 , Creatine 

199. Carnosine 

200. Keratan sulphate 

A. Giycosammoglycans. 

B, MethyIgaunido acetic acid. 

G. Conjugated histidine with p- alanine 

D. Simple scleroprotein, 

E. Denaturated protein 

F. p-Hydroxy, y tri metbylamino butyric acid. 

201 - Glycine 

202. Tryptophan 

203. Serine 

204, Aspartate 

205, Arginine 

A. Taurine 

B. Sphingosine 

G. p-Alanine 

D. Nitric oxide 

E, Heme 
F- Niacin 
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206. Citrullinemla 

207. Argini nosuccinate aciduria 

208. Argininemia 

209. Hyperammonemia type l 

210. Hyperammonemia type II 
A* argininosuucinase 

B* argino&uccinic acid synthase 
C* Carbamoyl phosphate synthese I 

D. arginase 

E . O r n ith i n e t r a n s c a r b a m o y I a s e 

F. Tryptophan pyrrolase 

Match the numbered metabolic disorder with lettered deficient enzyme 
as they best fit together: 

211. Albinism 

212. Oxoprolinurfa 

213. Pheny Iketonuria 
21 4. Hornocystinuria 

215. Hyperammonemia type IT 

A. Glutathione synthetase 

B. Tyrosine hydroxylase 

C. Cystathionine 0- synthase 

D. Carbamoyl phosphate synthase I 
E* Phenylalanine hydroxylase 

F. Ornithine transcarbamoylase 

G. P-Hydroxyphenyl pyruvate oxidase 

216. Endopeptidase acts on peptide bonds of basic amino acids 

217. Endopeptidase acts on peptide bonds of aromatic amino acids 

218. Endopeptidase acts on peptide bonds of small amino acids 

219. Exopeptidase acts on peptide bonds of amino acids with free 
carboxylic group 

220. Exopeptidase acts on peptide bonds of amino acids with free 
amino group 

A. Rennin 

B. Elastase 

C. Trypsin 

D. Gelatinase 

E. Carboxy peptidase 
F* Aminopeptidase 
G. Pepsin 

Match the numbered metabolic disorder with lettered deficient enzyme 
as they best fit together: 

221. Hartnump's disease 

222. Von Gierke's disease 

223. Phenylketonuria 

224. Albinism 

225. Wilson disease 

A, Glucose-6-phosphatase 

B, Tryptophan pyrrofase 

C, L-GJutamate dehydrogenase 

D, Ceruloplasmin 

E, Phenylalanine hydroxylase 
F* Tyrosine hydroxylase 


Scanned by CamScanner 




Protein metabolism 


361 


226. Alanine + <c -ketoglutarato Pyruvate + Glutamate 

Aspartate + <*. ketoglutarate -* Oxaloacetate + Glutamate 

229 Ami? t ° 2 + , N ADPH+H* -> Citrulline + NO + H 20 + WADP + 
III Ammon,;, + LO i+ 2ATP 4 Carbamoyl phosphate 

230 a-Ketoglutarate + NH3 Glutamate 

A. Carbamoyl phosphate synthase I 
Glutamate dehydrogenase 
GGT 
AST 
ALT 

Nitric acid synthase 


B. 

C. 

D. 

E. 

F. 


231. Creatine + ATP -> Creatinine phosphate + ADR 

232. Glycine + Methylene H4 folate SSerine +• H4 folate 

233. Cysteine *> Ethanolamine + C 0 2 

234. Phenylalanine + Tetrahydropterine + 02 Tyrosine + 
dihydropterinc+ H 2 0 

235. Tryptophan + Tetrahydrohiopterine -> 5 -hydrostytryptophan + 
Dihydrobiopterine 

A. Tryptophan hydroxylase 

B. Phenylalanine hydroxyls*;e 

C. Serine hydroxymethyl transferase 

D. Creatine kinase 

E. Cysteine decarboxylase 


236. Produced as an inactive enzyme 

237. Oigest(s) dietary protein in stomach 

238. Synthesized in the pancreas 

239. Cleave(s) polypeptides at the carboxyl end of arginine and lysine 
residues 

240. Optimal pH for activiy is 5 

A. Pepsin 

B. Trypsin 

C. Both of them 

D. Neither of them 


241. Contain(s) carbon skeleton that can be converted to fumarate or 
acetoacetate 

242. Is (are) essential in diet 

243. Require(s) tetrahydrobioptcrin for metabolism 

244. Is (are) nonprotein amino acid(s) 

245. Become(s) essential in absence of hydroxylase enzeme 

A. phenylalanine 

B. Tyrosine 

C. Both of them 

D. Neither of them 

246 Required for the synthesis of epinephrine from norepinephrine 

247 Required for the reaction catalyzed by phenylalanine hydroxylase 
24B Required for the reaction catalyzed by ALT 

249 Reouired for the transport of amino acids across cell membranes 
25o’ Required for the reaction catalyzed by carbamoyIphosphato 
synthase I 

A- N-Acetyiglutamate 

B. Tetrahydrofofate 

C. Pyrldoxal phosphate 
0. Biotin 

E. S*Adenosyl methionine 

F. CoA 

G. Tetrahydrobiopterm 
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251 , Source of carbon 4, carbon 5 and nitrogen 7 of purines 

252, May be converted to GABA 

253, May be converted to dopamine 

254, May be converted to glycine 

255, May be converted to niacin 

A. Tyrosine 

B. Aspartate 

C. Glutamate 

D. Tryptophan 

E. Glutamate 
F* Serine 

G + Glycine 

256, Acetyl CoA and acetoacetate 

257, Niacin 
25S. Carnitine 
259 taurine 
250, Spermidine 

A. Arginine 

B. Tryptophan 
Gh Histidine 

D, Leucine 

E. Ornithin 
F t Cysteine 
G. Lysine 

261. Serotonin 

262 . y -Aminobulyric acid 

263. Hisitamin 

264. Epinephrine 

265. p-Alanine 

A. Glutamate 

B. Cysteine 

C. Tyrosine 

D. Lysine 

E. Histidine 

F. Aspartate 

G. Tryptophan 

266. Taurine 

267. Thyroxine 
263. EEhanolamirre 

269, Acetoacetate 

270. Gfycoxylate 

A- Tyrosine 

B, Cysteine 

C. Glycine 


u . Alanine 

E, Serine 

F. Leucine 

0. Ornithine 

Phenylalanine 

®4 ~ 

Match the numbersd condition 
below with the lettered 

enzymatic defect in diagram af 
left: 

271 , Tyrosinosis 

272. Albinism 

©4 

Hcnnogeutisic achl 

@4 

Maleolyf acetoaceuie 


273, Phenylketonuria 

274. Alkaptonuria 

1 ©4 



F lunar ate + Aceto acetate 



Scanned by CamScanner 







Protein metabolism 


363 


Answer 


MCQ: 


1 

2 

3 1 

4 

5 

6 

7 

8 

9 

10 

B 

A 

D 

D ! 

A 

B 

C 

C 

B 

D 

11 

12 

13 

14 

15 

76 

17 

18 

1 19 

20 

B 

A 

D 

A 

B 

E 

D 

C 

C 

B 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

A 

B 

C 

B 

B 

A 

B 

E 

C 

D 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

A 

A 

A 

D 

D 

C 

D 

E 

E 

C 

41 

42 

, 43 

44 

45 

46 

47 

48 

49 : 

50 

A 

C 

C 

B 

C 

C 

B 

E ' 

A 

A 

51 

j 52 

53 

, 54 

55 

56 

57 

58 I 

59 

60 

C 

A 

B 

C 

C 

C 

A 

E 

D 

A 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

D 

A 

0 

B 

B 

C 

C 

D 

C 

B 

71 

72 

73 

74 

75 






A 

B 

_ 

E 

E 
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True and false: 


76 

77 

78 

79 

80 

87 

82 

83 

84 

85 

F 

F 

F 

T 

T 

F 

F 

F 

T 

T 

86 

87 

88 

89 

90 

97 

92 

93 

94 

95 

T 

T 

F 

T 

F 

F 

T 

T 

^ T 

F 

96 

97 

98 

99 

; 700 

707 

702 

103 

104 

705 

T 

F 

T 

F 

T 

T 

T 

F 

F 

F 

106 

707 

708 

709 

770 

111 

112 

773 

**4 

775 

, T 

F 

T 

F 

T 

T 

F 

T 

F 

T 

116 

777 

778 

119 

720 

121 

722 

*23 

124 

725 

F 

T 

F 

T 

F 

F 

F 

F 

T 

F 1 

126 

727 

; 728 

729 

730 

131 

732 

733 

734 

735 

T 

T 

F 

F 

T 

T 

F 

T 

T 

F 

136 

137 

138 

139 

740 

747 

142 

743 

744 

745 

F 

T 

F 

F 

T 

F 

F 

T 

T 

T 

146 

747 

148 

749 

750 

757 

152 

753 

754 

755 

T 

F 

T 

F 

T 

F 

F 

T 

T 

T 

156 

757 

758 

759 

760 

767 

762 

763 

764 

765 

T 

F 

T 

F 

T 

F 

T 

T 

T 

F 

166 

767 

768 

769 

170 

777 

772 

773 

774 

775 

F 

T 

F 

T 

T 

T 

T 

T 

F 

T 

176 

777 

178 

179 

780 

787 

*82 

783 

784 

785 

F 

T 

T 

F 

T j 
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Chapter 17 


(Biologic oxidation and 
Electron Transport Chain 


1. Thermodynamically, how reactions are classified? 

A. Exothermic, isothermic and endothermic reactions. 

2 . What is exothermic reaction? 

A. Here energy is released from the reaction, and therefore reaction 
essentially goes to completion, e,g« urease enzyme, converting 
urea to ammonia + C 02 + energy. 

3. What is endergonic reaction? 

A. Energy is consumed and external energy is to be supplied for 
these reactions. In the body, this is usually accomplished by 
coupling the endergonic reaction with an exergonic reaction, e.g, 
Hexokinase reaction, Glucose +- ATPc=OGIucose- 6 -Phosphate + 
AOP. 

4. What is the full name of AFP? 

A, Adenosine triphosphate* 

5. What is the function of ATP? 

A. It is the energy currency in the body. During the oxidation of 
foodstuffs, energy is released, a part of which is stored as 
chemical energy in the form of ATP. Other reaction requiring 
energy are coupled with ATP. 

6 . Give examples of high energy compounds. 

A, ATP, GTP, creatine phosphate, 1,3-bisphosphogiycerate, 
phosphoenol pyruvate, acetyl CoA, and succinyl CoA. 

7. On hydrolysis of 1 mole of ATP to ADP t the release of energy wifi be 

approximately how much? 

A* T kCal. 

8 . Where is respiratory chain located? 

A* In the inner mitochondrial membrane. 

9* How is respiratory chain organised? 

A, Components are organised into four complexes. 
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10. What are the main activities taking place inside mitochondria? 

A. Citric acid cycle, electron transport chain, and p oxidation fatty 

acid. 

11. Where are enzymes of citric acid cycle located? 

A* Fluid matrix contains enzymes of citric acid cycle- 

12. What is the function of Co-enzyme Q? 

A* it catalyses the electron transport from complex I or II to compJex 

111 , 

1 3 .Cytochrome oxidase is present in which complex? 

A. Complex IV. 

14. What are NAD+ linked dehydrogenases? 

A, Glyceraldehyde -3-phosphate dehydrogenase* pyruvate 

dehydrogenase, a-keto glutarate dehydrogenase, isocitrate 
dehydrogenase, mafate dehydrogenase* p-hydroxy acyl CoA 
dehydrogenase. 

15* What are FAD-linked dehydrogenases? 

A, Succinate dehydrogenase, and acyl CoA dehydrogenase* 

16. Which cytochromes contain copper? 

A. Cytochrome oxidase. 

17. VVhaf is vatinomycin? 

A. It acts as an ionophore, dissipates the proton gradient, and so 
inhibits ATP synthesis. 

18 . What is malate-aspartate shuttle? 

A* It is a biochemical system for translocating electrons produced in 
cytosol during glycolysis into mitochondria. 

1 9 . What are the salient features of ATP synthase? 

A* It has two subunits, Fo is a proton channel, and FI has catalytic 
activity. 

20 . How many ATP are produced in the oxidation of one molecule of 
NADH? 

A, Three. 

21. How many ATP are produced in the oxidation of one molecuie of 
FA OH? 

A* Two. 

22 . Which is complex V of respiratory chain? 

A. ATP synthase. 

23. What is oligomycin? 

A. It inhibits oxidative phosphorylation* 
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24 . Name some inhibitors of oxidative phosphorylation. 

A* Oligomycln, carbon monoxide, and cyanide. 

25. Which inhibits electron transport chain at site f? 

A* Barbiturate. 

26. Which inhibits electron transport chain at site ft? 

A. Arttimycin A, 

27 . Which inhibits electron transport chain at site tit? 

A. Carbon monoxide and cyanide, 

28 .What is the cause for death due to cyanide poisoning? 

A- Cyanide inhibits cytochrome oxidase. 

29. LV/iich is a physiological un coupler? 

A. Thyroxine. 

30. How to explain the fever that accompanies calcium injection? 

A. Because calcium allows oxidation to proceed but prevents 
phosphorylation. 


Scanned by CamScanner 







Oraby's illustrated reviews of biochemistry (Q&A) 


370 


MCQ Matching, True ancf Take and 
CompCetion 


Select and encircle the most appropriate answer or 
completion: 


1. In the diagram of ADR shown beside f three bonds are labeled A-B-G. Which is a 
high-energy bond? 

A, A 

B. B 

c c 

D. All of the above 
E* None of the above 

2. The free energy stored in the ATP molecule can be 
used for: 

A. Chemical syntheses 
B* Heat, osmotic, and mechanical work 
G Electrical work 
IX Driving endergonic reactions 

E, All of these 

-X The specific substrate for oxidative phosphorylation is: 

A. AMP 
B* ADP 
G ATP 

D, GIF 
E* NADP* 

4. Which of the following activities occurs in mitochondria? 

A> Cholesterol synthesis 

B. Acetoacetate synthesis 
G Palmitate synthesis 

D - Splitting of arginine into urea and ornithine 

E. Insulin synthesis 

5. The effect of 2,4 dinitrophenol is to: 

A+ Raise the respiratory quotient 

B. Lower the respiratory quotient 

C, Decrease the H gradient across the mitochondrial membrane 
I). Lower the basal metabolic rate 
E* Cause obesity 

6. In oxidative phosphorylation, the oxidation of one NADH+H+ to NAQ+ 
produces how many ATPs? 

A . 2 

B. 3 
G 4 

D. 5 

E, 6 
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1. Uncoupling of oxidative phosphorylation implies that: 

A, The ATPase activity of mitochondria Is abolished 

B. The mitochondria stop to oxidize succinate 

G. ATP formation stops but respiration continues 
D. ATP formation continues but respiration stops 
E + Cellular activities stops 

8 p Cytochromes are: 

A, Riboflavin-containing nucleotides 

B. Pyridine nucleotides 
C Iron-porphyrin proteins 

D. Malate containing flavoproteins 
E* Peroxidation 

9. Entropy is a measure of the: 

A- Rate of an enzymatic reaction 
R* Free energy of an enzymatic reaction 
C* Energy that is unavailable for work 
Q. Exothermiclty of a reaction 

E. Reversibility of a reaction 

1 SI. Which of the following can serve as an inhibitor of electron transport? 

A, Antimycin A 

B. Puromycin 

C ActinomycinD 

L>, Malonate 

E- Transhydrogenase 

l L If rotenone is added to the mitochondrial electron transport chain: 

A. The P/G ratio of NADH + H* is reduced from 3:1 to 2:1 

B. The rate of NADH + H* oxidation is diminished to 2/3 of the initial value 
C Succinate oxidation remains normal 

H. Oxidative phosphorylation is uncoupled at site t 
E. Electron flow is inhibited at site II 

12* Cytochrome oxidase contains: 

A* Cobalt 
B* Zinc 
C* Magnesium 
I). Selenium 
E< Copper 

13. If cyanide is added to tightly coupled mitochondria that are actively 
oxidizing succinate: 

A. Subsequent addition of 2,4 dinitrophenol will cause ATP hydrolysis 
ft. Subsequent addition of 2 h 4 dinitrophenol will restore succinate 
oxidation 

C. Electron flow will cease , but ATP synthesis will continue 

D. Electron flow will cease , but ATP synthesis can be restored by 
subsequent addition of 2A dinitrophenol 

E* Subsequent addition of 2,4 dinitrophenol and the phosphorylation 
inhibitor oligomycin will cause ATP hydrolysis 
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14, In substrate level phosphorylation 

A, The substrate reacts to form a product containing a high energy bond 

B, ATP synthesis is linked to dissipation of a proton gradient 
C High energy intermediate compounds cannot be isolated 

D* Oxidation of one molecule of substrate is linked to synthesis of more 
than one ATP molecule 
E. Mitochondria participate, but not cytosol 

1 5. Which cytochrome is involved in direct reduction of oxygen? 

A, Cytochrome a, 

B. Cytochrome b s 
C* Cytochrome Ci 
D. Cytochrome d 

E* Cytochrome oxidase 


In the following questions indicate with clear (T) the true 
statements f and with clear (F) the false statements: 

Oxidative phosphorylation: 

Is the formation of ATP in association with oxidative processes* 

17, Is the formation of ATP by ATP synthase present in the inner mitochondrial 
membrane. 

Iti- Is said to be "uncoupled" when substrate and not ADP is phosphorylated. 

I 1 *- Is said to be "uncoupled" when electron transport proceeds without formation 
of ATP. 

Is stimulated by calcium ions. 

The chemiosmotic hypothesis involves: 

21, A membrane impermeable to proton, 

22. Electron transport by the respiratory choinpumps protons out of the 
mitochondria 

2 - Proton flow into the mitochondria depends on the presence of ADP and PL 
24. ATPase activity is reversible 

->• OnEy proton transport is strictly regulated; other positively charged ions can 
diffuse freely across the mitochondrial membrane. 


Matching; For each set of numbered questions , choose the 
ONE BEST answer from the list of lettered options beiow it. An 
answer may be used once or more times r or not at ail. 


26, Catalyzes electron transport between flavoprotein and cytochrome b 
11 .terminates the electron transport chain 

IX. Catalyzes electron transport between ubiquinone and cytochrome C 

29. A constituent of cytochrome oxidase 

3 0. Catalyzes electron transport between NADH+H* and ubiquinone 

A, Ubiquinone 
II, Fiavoprotein 
C* Cytochrome oxidase 
D* Cytochrome a 
E* Cytochrome b 
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31. Electron transport 

32. Hemoproiein 

33. Ffavoprotetn 

34. Cytochrome oxidase 
35* High energy compound 

A, Ubiquinone 
EL Cytochrome 

C\ Both Ubiquinone and cytochrome c 
D. Neither ubiquinone nor cytochrome c 
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Answer %ey 


A) CQ.- 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

c 

E 

B 

B 

C 

B 

C 

C 

C 

A 

11 

12 

13 

14 

15 


c 

E 

A 

A 

E 


True and false: 
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Chapter 18 


Heme Synthesis and 
(Breakdown 


1, What are heme containing compounds (hcmoproteins)? 

A. Hemoglobin, myoglobin, respiratory cytochromes, cytochrome 
p 4 S 0 , catalase, peroxidase, and tryptophan oxygenase, 

2, What are iron containing proteins? 

A. Hemoglobin, myoglobin, respiratory cytochromes and cytochrome 
p45Q, 

3, What are the functions of hemoglobin and myoglobin? 

A. Hemoglobin carries oxygon from lungs to tissues and myoglobin 
stores oxygen in muscles, 

4, What are the structural features of hemoglobin A molecule? 

A* Hb A has four subunits, two a and two p units. It contains 4 iron 
atoms. 

5, How many molecules of oxygon can bind with hemoglobin? 

A, Four. 

6 , What are the structural features of myoglobin molecule? 

A. It has one subunit, and contains one iron atom. 

7, How many molecules of oxygen can bind with myoglobin? 

A. One, 

8 * fOO mi of blood can carry how much oxygen? 

A* 20 ml. 

9, What is Bohr effect? 

A, It is the influence of pH and pC 02 to facilitate oxygenation of Hb 
in the lungs and deoxynation at the tissues. 

\Q.What is cooperative binding of 02? 

A, Binding of one oxygen molecule at one heme, increases the 
oxygen affinity of the remaining heme groups in the same 
hemoglobin molecule* 

HitVfr/ch will decrease the affininty of hemoglobin for oxygen? 

A. 2,3 Bisphosphoglycerate {2,3-BPGJ revet. 

- 376 - 
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I l.What is chloride shift? 

A, Bicarbonate ions diffuse outside the RBCs in exchange for 
chloride ions which shifts into the cell In order to maintain 
electrical neutrality across the erythrocyte membrane. 

1 3.M/ha| are diferent types of hemoglobin? 

A, Hemoglobin A, hemoglobin Aj, fetal hemoglobin {HbF), and 

hemoglobin A 1ft {glycated hemoglobin). 


14. What is the structural difference between HbA, HbA j and HbF? 

A. HbA has 2 a and 2 p chains, HbAj has 2 o and 2 8 chains and HbF 
has 2 a and 2 y chains. 

I 5. iVhal is hemoglobin A u {glycated hemog/ob/nj ? 

A. It is hemoglobin A + Glucose, Glucose is added non enzymatically 
to hemoglobin A. The higher the blood glucose, the higher the the 
precent of glycated hemoglobin. 

1 6.What is the importance of measuring hemoglobin Ai c ? 

A. High percent of hemoglobin Ale indicate bad diabetic control over 
the past 2 months. 


I 7. What are the laboratory tests to identify HbF? 

A. By electrophoresis. HbF moves slower than HbA on 
electrophoresis. 

IS.iVhat is the physiological significance of HbF? 

A. Oxygen affinity is more for HbF than HbA. HbF is seen in fetal 
circulation, 

l^.Afay Hb F be seen in adult blood? 

A. Yes it may be seen in adults in cases of hemoglobinopathies and 
thalassemias. 

20 . Why carbon monoxide becomes a poison? 

A. Hb has 200 times more affinity to carbon monoxide than oxygen. 

21 . What is the treatment for carbon monoxide poison? 

A. Hyperbaric oxygen. 

22. Met-hemoglobin is found in which conditions? 

A. Ingestion of nitrites, presence of HbWI, glucose - 6 - phosphate 
dehydrogenase deficiency. 

23. What is mef-hemogfob/n? 

A. Hemoglobin in which iron is in ferric state. 

24. What is the defect of mct-hemoglobin? 

A. It cannot release oxygen in tissues. 

25. What is tbc reagent used for colourimetric estimation of hemoglobin? 
A, Orabkin's reagent, to convert Hb to cyanmet-hemoglobin. 
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26. What is hemoglobin S? 

A. The glutamic acid in the 6 !tl position of p chain of HbA is changed 
to valine in HbS. 

27. What is the cause for sick/e ceil anemia? 

A. Solubility of deoxy HbS is lower than deoxy so HbS 13 

precipitated intracellularly, leading to sickle shape of RBC. 


28. How HbS is identified? 

A. By its characterstic shape in blood films and HbS is slower moving 
on electrophoresis than HbA. 

29.IV/jaf is sickle cell trait? 

A. Heterozygous condition, one allele is normal, the other is 
abnormal, so half of Hb molecules are normal, and half abnormal. 

3ft. What is its clinical significance? 

A. Usually sickle cell trait persons will not have any disease 
manifestations, but, at higher altitudes, hypoxia may cause 
manifestation of the disease. Chronic lung disorders may also 
produce hypoxia-induced sickling in HbS trait. 


31. What is hemoglobin C? 

A. The glutamic acid in the 6 ,h position of (i chain of HbA is changed 
to lysine in HbC. It is less harmfull compared to HbS. 

32.IV/jat is the chemical structure of heme? 

A, It is ferro protoporphyrin. 

33-tV/jaf are the stfbsf//uen/ groups of heme? 

A. Methyl, vinyl, and propionyl groups. 

34. Heme is synthesised from what substances? 

A. it is synthesised from glycine and suucinyl CoA. 

35.lV/)af is the rate limiting enzyme (key enzyme) of heme synthesis? 

A. ALA synthase. 

36. ALA synthase present in which cell orgarre/ie? 

A. Mitochondria. 

37.IV/ja/ is the coenzyme for ALA synthase? 

A. Pyridoxal phosphate. 

38.How is heme synthesis regulated? 

A. ALA synthase is feed back inhibited by heme, and stimulated by 
certain drugs as phenobarbital and iron. 

39.IV/taf is the action of barbiturates on heme synthesis? 

A, Barbiturates stimulate heme synthesis. 
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40.Wh/ch enzyme is Inhibited by lead? 

A. ALA dehydratase and ferrochefatase* 

4 l .Mef/ieny/ bridge of protoporphyrin is derived from what? 

A* a carbon of glycine. 

42.IV/raf are porphyrias? 

A* These are a group of diseases resulting from a deficiency of one 
of the enzymes needed for heme synthesis. 

43.lVhat are types of porphyrias? 

A. Acute intermittent porphyria, porphyria cutanea tarda, hereditary 
coproporphyria, variegate porphyria, congenital erythropoietic 
porphyria, and protoporphyria. 


44.VVfraf is the enzyme defect in acute intermittent porphyria? 

A* Uroporphyrinogen I synthase, 

45Jn acute intermittent porphyria t urine contains what? 

A, ALA and PBG, 

46,What is the enzyme defect in porphyria cutanea tarda? 

A. Uroporphyrinogen decarboxylase 

47AVhaf is the enzyme defect in hereditary coproporphyria? 

A. Coproporphyrinogen oxidase. 

4H.tVhaf is the enzyme defect in variegate porphyria? 

A. Protoporphyrinogen oxidase. 

49»IVhaf is the enzyme defect in congenital erythropoietic porphyria? 

A, Uroporphyrinogen III synthase. 

SILlVhal is the enzyme defect in protoporphyr/a? 

A. Ferrochelatase 

5 i.What are effects of porphyrias? 

A* Anemia, abdominal pain, neuropsychatric symptoms and 
photosensitivity. 

52, What is the cause of photosensitivity? 

A, Some porphyrin derivatives when exposed to light react with 

molecular oxygen to form oxygen radicals, which cause skin 
damage. 

53 . Lead poisoning results in what? 

A. acquired porphyria. 

54 , Lead poisoning results in elevated levels of what? 

A. Delia amino levulinic acid. 

55 . Degracfaf/ 0 /i of heme needs which enzyme? 

A. Heme oxygenase system, with NADPH. 
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56,Is carbon monoxide produced by the body? 

A. Yes. Through degradation of heme to bilirubin, 

57-Where does extra vascular hemolysis occur? 

A. In reticuloendothelial celts mostly in liver, spleen and bone, for 
RBCs at the end of their life span (120 days). 

58. What is the end product of heme catabolism? 

A. Bilirubin. 

59. What is the function of bilirubin? 

A. It may act as antioxidant. 

60. Heme is converted to bilirubin in which site? 

A. Microsomes of reticulo-endothelial cells. 
bl .Bilirubin in blood is carried by what? 

A. Albumin. 

62. Wow is it made water soluble? 

A. By conjugation with glucoronic acid. 

63. Where is the conjugation faffing place? 

A. In liver, 

64. What is the enzyme? 

A, UDP-glucuronyl transferase. 

65. What is the normal level of total plasma bilirubin? 

A. 0.2 * 1.0 mg/dl. 

66 . What is the normal level of conjugated biliruhin in plasma? 

A. Less than 0.2 mg/dl. 

67. What is jaundice? 

A, When plasma bilirubin is more than 3 mg/dl, it diffuses into 
tissues,causing yellowish discolouration of tissues. 

68 . Whaf is latent jaundice? 

A. When plasma bilirubin is between 1 to 3 mg/dl. 

69. What is the difference between hyperbilirubinemia and jaundice? 

A. Hyperbilirubinemia is a laboratory term means increased plasma bilirubin 
above normal level ( 1.2 mg/dl), where jaundice, is a clinical term, characterized 
by yellow discoloration of skin, setera and mucus membrane. It is due to 
increase plasma bilirubin above 3 mg/dl. 

70. Enterohepatic circulation is seen in which substances? 

A. Urobilinogen and bile salts. 

7 i .Bilirubin in serum is estimated by what test? 

A. Van den Bergh reaction. 
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12, What is direct van den Berg*s reaction? 

A. The colour is developed immediately when blood is added. 

73 .What is your interpretatfonjWhen direct test is positive? 

A. Blood contains conjugated bilirubinJt is water soluble, 

lA.What is indirect Van Den Bergh’s test? 

A, When blood Is added to the solution, there is no colour but when 
alcohol is added, colour is developed. 

IS,What is the reason for this type of reaction? 

A, Bilirubin is soluble in alcohol, and alcohol extract gives the 
reaction. 

76,/n obslrucfive jaundice , what is seen in blood? 

A. Conjugated bilirubin in excess quantity, 

11.Bile salts and bile pigments are excreted in urine in which condition? 

A. Obstructive jaundice, 

78.1/yhaf is the reason for characterstic brown color of stool? 

A. Urobilinogen (=strecobilinogen). 

79 , In obstructive jaundice, what is the color of stool? 

A* Clay color due to absence of urobilinogen, 

80. What are causes of most cases of obstructive jaundice? 

A, Gall stones and cancer head of pancreas, 

81. in hepatocellular jaundice, what is seen in blood? 

A, Excess conjugated and unconjugated bilirubin. 

Hl.Whai are causes of hepatocellular jaundice? 

A. It is due to liver cells damage as in cirrhosis, viral hepatitis or 
toxins. 

83. tncreased urobilinogen in urine is seen in which conditions? 

A, In all cases of hemolytic anemias as congenital spherocytosis, 
mismatched transfusion, Rh I ncompatability, and glucose-6- 
phosphate dehydrogenase deficiency. 

&4.What is neonatal jaundice? 

A. This is a transient condition occurs in some newborn infants 
especially if they are premature* 

HS.What are causes of neonatal jaundice? 

A. At birth, liver contains very little UDP-glucuronyltransferase 
enzyme, which is important for conjugation of bilirubin. This 
leads to accsrelated hemolysis of RBCs, 

86 .What is kernictrus? 

A, In young children, when plasma bilirubin is more than 20 mg/dl T it 
diffuses into brain, causing permanent damage to brain cells. 
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87. What are causes of congenital hyperbilirubinemia? 

A. Gilbert's disease, Cligfer*Najjar syndrome and Dubin john 
syndrome. 

88. W/iar is the defect in Gilbert’s disease? 

A. Uptake of bilirubin by the liver is defective. 

89. What is the defect in Ciggler-Najjar syndrome? 

A. Defect In conjugation of bilirubin due to deficiency of UD 
glucuronyl transferase. 

fO.Wbaf is the defect in Dubin ■ Johnson syndrome? 

A, hepatic secretion of conjugated bilirubin into the bife. 


91.Compare between unconjugated and conjugaterd bilirubin. 



Unconjugated 
{indirect J bifirtihin 

Conjugated (direct) 
bilirubin 

Site 

Present normally In 
plasma 

Present normally in 
bile 

Conjugation 

Unconjugatcd, 

attached 

noncovallently to 

albumin 

Conjugated to 

glucuronic acid. 

Molecular weight 

Has higher molecular 
weight, and cannot 
be filtered through 
kidney. 

Has smaller 

molecular wight, and 
can be filtered 

through kidney. 

Solubility 

Nonpolar, insoluble 
In plasma and can 
cross brain barrier in 
neonates causing 

brain damage. 

Polar, soluble in 

plasma and cannot 
cross brain barrier. 

Van Den Bergh 
reaction ____ 

Indirect 

Direct 


92.Compare between different types of porphyria s. 


Types and class 

Enzyme involved 

Major symptoms 

Hepatic porphyria s; 

Acute intermittent 

porphyria 

Uroporphyrinogen l 

synthase 

Abdominal pain 
Neuropsychatric 

Porphyria cutanea 

ta rda 

Uroporphyrinogen 

decarboxylase 

P hole sens itivity 

Hereditary 

coproporphyria 

Coproporphyrin 

oxidase 

Abdominal pain 

Neuropsychatric 

Photosensitivity 

Va riegate 
porphyria 

Rrotoporphyrfnogen 

oxidase 

Abdominal pain 
Neuropsychatric 

Photosen sitivity 

Erythropo r o fie porphyrias: 

Con gen i ta 1 
erythropoietic 
porphyria 5 : 

Uroporphyrinogen III 

synthase 

Photosensitivity 

Erythro hepatic porphyrias; 

Protoporphyria | Ferroehelatase 

1 Photosensitivity 
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Matching, true andfafse and 
Compfetion 


Select and encircle the most appropriate answer or 

completion: 


1 . All of the followings are normal hemoglobin EXCEPT 
A* Hemoglobin Ai 

B. Hemoglobin A, e 

C. Hemoglobin S 

D. Hemoglobin A* 

E. Hemoglobin F 

2. Carbon monox/de produce hypoxia by: 

A. Forming met-hemoglobin 

B. Occupying the same position of 0 ? in the hemoglobin 

C. Removing iron form hemoglobin, forming hematin 

D. Slowing capillary circulation 

E. Inhibiting mitochondrial oxidative phosphorylation 

3. Ail the following proteins contain porphyrin ring EX£M£I. : 

A. Hemoglobin 

B. Myoglobin 

C. Cytochrome 

D. Catalase 

E. Peroxidase 

4. The following disorders are inherited as autosomal dominant 
dlsease EXCEPT 

A. acute intermittent porphyria, 

B. hereditary coproporphyria. 

C. porphyria variegate. 

[). Congenital erythropoietic porphyria. 

E. Erythrohepatic porphyria 

5. The first step in the catabolism of hemoglobin occurs when 
hemoglobin is: 

A. Converted to biMverdin In the liver 

it. Converted to bilirubin in the reticuloendothelial cells 

C. Conjugated with glucuronic acid in the liver 

D. Reduced in the liver 

E. Reduced in the intestine 

6. Della bilirubin is that type of bilirubin which: 

A. Present normally in blood, 

B. Present normally in bile, 

C. Present in trace amounts in urine 

D. Binds noncovalently with albumin. 

E. Binds covalently with albumin 
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7. Thalassemia is an example of: 

A. Frame shift mutation. 

B. Salient mutation, 

C. Missense mutaion. 

D. Nonsense mutation. 

8. BUe pigments are derived from: 

A* Cholic acid 
B, Heme 

C Triacylglycerots 

D. Cholesterol* 

E. Phospholipids 

9. Alt about S - Aminoievulonic acid synthase activity is true EXCEPT 

A. Catalyzing the rate limiting reaction an heme biosynthesis* 

B, Requires the coenzyme pyridoxal phosphate. 

C* Occurs In mitochondria. 

D* Its substrates are acetyl CoA and glycine* 

I 0.Bilirubin diglucuronide is: 

A* Elevated in neonatal hyperbilirubinemia. 

B. Elevated in hemolytic Jaundice. 

C* Lipid soluble 

L>. Normally excreted in urine 

E. Usually found in bile duct 

II .in heme synthesis, the committed step is: 

A. Condensation of 2 PBG (porphobilinogen). 

B. Condensation of 2 ALA (5amino levulonate). 

C. Condensation of glycine and succtnyl CoA. 

D. Formation of uroporphyrinogen ML 

E. Formation of coproporphyrinogen III 

12. The type of hemoglobin which binds irreversibly with oxygen is: 

A* HemogfobinA 
B. Hemoglobin A2. 

C* Hemoglobin F* 

M. Hemoglobin S. 

E* Methemogiobin 

13 EXcipr* f0,l ° win9S arc 'yP° s of congenital hyperbilirubinemia 

A. Gilbert's disease 

B. Von Gierke's disease 

C. Crigter Najjar Syndrome 
P. Dubin Johnson Syndrome 

14.if- Aminoievulonic acid synthase activity: 

A. Its activity is repressed in individuals treated with drugs such as 

phenobarbita I. y 1 d!l 

B. Catalyzing the rate limiting reaction in heme biosynthesis 
C- Requires the coenzyme biotin. 

D. Occurs in cytosol. 

E. Is strongly stimulated by heavy metals as lead. 
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15. The catabolism of hemoglobin involves: 

A. The formation of bile pigments. 

B. Oxidative cleavage of porphyrin ring. 

C. The formation of urobilin. 

D. Results in liberation of carbon monooxide. 

E. Ail of the above. 

16. Erythrocytes of peoples with a homozygous sickle cell anemia 
contain predominantly: 

A. Hemoglobin A. 

B. Hemoglobin A2. 

C. Hemoglobin F. 

D. Hemoglobin S. 

E. Methemoglobin 

17. The norma! brown -red color of feces results from the presence of, 

A. Heme. 

B. Stercobilin. 

C. Bilirubin diglucuronide. 

D. Biliverdin. 

E. Coproporphyrin 1)1. 

18. All of the following statements are correct EXCEPT^ 

A. In normal individuals bilirubin is not delectable in urine. 

B. Hemolysis elevates plasma unconjugated bilirubin. 

C- “Direct -reacting" bilirubin in the Van den Bergh reaction 
corresponds to conjugated bilirubin. 

D. Hemolytic jaundice results in decreased excretion of urinary 
urobilinogen. 

19. fn sick/e cell hemoglobin the position 6 glutamyl residue of the /?- 
chain of normal adult hemoglobin is replaced by: 

A. Aspartate. 

B. Threonine. 

C. Lysine. 

D. Glutamine. 

E. Valine 

20. The direct bilirubin consists of: 

A. Bilirubin conjugated with glucuronic acid 

B, Bilirubin conjugated with gluconic acid 

C, Bilirubin conjugated with albumin 

D. Bilirubin conjugated with globulin 

21. in hemoglobin C the position 6 glutamyl residue of the fl-chain of 
normal adult hemoglobin is replaced by: 

A. Aspartate. 

B. Threonine. 

C. Lysine. 

D. Glutamine. 

E. Valine 

22.Metabolic degradation of hemoglobin takes place mainly in: 

A. The reticuiendithelial system. 

B. The erythrocytes. 

C. The skeletal muscles. 

D. Kidney tubules. 

E. AH the above. 
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23 . Which is not part of hemoglobin molecule? 

A. Histidine. 

B. Vinyl group. 

C. Frric ion 

D. Pyrrole rings. 

E. Protein. 

24. Which of the following amino acid is the precursor of t) - ammo 
levulonate : 

A. Alanine. 

B- Praline. 

€. Glycine. 

D. Leucine. 

F. . Histidine. 

25.77)e Bohr effect describes; 

A. The effect of PCOj on the dissociation of oxyhemoglobin. 

B. The effect of rn !< on the activity of carbonic anhydrase. 

C. The toxic effect of very high P0 3 on the nervous system. 

D. The buffering action of imidazole groups, 

E. All of the above, 

IS.Crigfer Najjar syndrome is a congenital billrubinemfa due to a defect 
in the conjugating system due fo the lack of which enzyme' 

A. UDP*glucose epimeraso. 

B. Phosphogalactose^uridy f transferase, 

C. UDP-glucuronyl transferase. 

L). Rhosphoglucose-uridyl transferase, 

E. UDP-gslactose pyrophosphoryl 


In the following questions indicate with clear (T) the true 
statements, and with clear (F) the false statements: 

in the synthesis of heme: 

27. The First reaction 1$ the condensation of glycine and succinate . 

28. Porphobilinogen (PBG) is formed from two molecules of ALA, 

29 . Coproporphyrinogen is synthesized before uroporphyrinogen. 

3 0. tron is incorporated into protoporphyrin . 

31. The rate limiting step is catalyzed by ALA-synthase. 

Recognized major symptoms of the inherited porphyries include: 

32. Abdominal pain. 

33 . Neuropsychiatric disorders ♦ 

34 . Liver ceil failure . 

35. Photosensitivity of the skin 
36 r Diarrhea, 

in porphyries: 

37. In the porphyria cutanea tarda. the deficient enzyme is 

uroporphyrinogen I synthase. 

38Jn porphyria variegate abdominal pain t neuropsychiatric disorders 
and photosensitivity are present. 

39, in hereditary coproporphyria t the deficient enzyme is 

coproporphyrin oxidase , 

40, in acute intermittent porphyria neuropsychiatric disorders do not 
occur . 

41 , Congenital eryfhropo/ef/c porphyria is autosomal dominant. 
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ALA synthase activit y is increased^ 

42, By increased tevel of heme. 

43 By the administration of barbital * 
44 - By the administration of glucose. 

45 . By f/ie administration of steroids. 

46. By the administration of iron. 


Matching: For each set of numbered questions, choose the 
O N E_B EST answer from the list of lettered options below it . An 
answer may be used once or more times, o r not at all* 

47 . Hepatic cirrhosis 

48. Acute attack of sick/e ceil anemia 

49 . Neonatal Jaundice 

50 . Crigler Najjar syndrome 
51 .Obstructive jaundice 

A, Serum direct bilirubin is elevated 

Si. Serum indirect bilirubin is elevated 

C, Both are elevated 

D. Neither are elevated 


52. A cute intermittent porphyria 

53. Porphyria cutanea tarda 

54. Hereditary coproporphyria , 
55-Var/egate porphyria 

5 6. Prof ©porphyria. 

A, Coproporphyrin oxidase. 

B. Uroporphyrinogen decarboxylase. 
C* Uroporphyrinogen l synthase. 

D. Ferrochelatase. 

E. Proto porphyrinogen oxidase. 


t I * J P I ■ 


b 7 .Coproporphyn 

58. Heme. 

59. Protoporphyrin type Hi 

60 .Porphtn. 

61 .Uroporphyrin tfl 



Scanned by CamScanner 

























































Hemoglobin metabolism 


388 


Answer %ey 


MCQ: 


7 

2 

3 

4 

5 

6 

7 

8 

9 

10 

c 

B 

B 

D 

A 

! E 

A 

B 

D 

E 

11 

12 

13 

74 

15 

76 

1 77 

70 

' 19 

20 

B 

E 

B 

B 

E 

D . 

B 

D 

E 

A 

21 

22 

23 

24 

25 

26 





C 

A 

C 

C 

A 

C 






True and false: 


27 

28 

29 

30 

37 

32 

33 

34 

35 

36 

T 

T 

F 

T 

T 

T 

T 

F 

T 

F 

37 

30 

39 

40 

47 

42 

43 

44 

45 

46 

F 

T 

T 

F 

F 

F 

T 

F 

F 

T 


Matching: 


47 

40 

49 

50 

57 

52 

53 

54 

55 

56 

C 

B 

B 

B 

A 

C 

B 

A 

E 

D 

57 

50 

1 59 

60 

67 






E 

C 

A 

B 

D 
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Chapter 19 


Imrnunocfietnistry 


1, What are immunoglobulins ? 

A. These are a group of proteins [gamma globulins) produced by the 
^-lymphocytes and plasma cells in response to the presence of 
foreign compounds (antigens), 

2. How immunoglobulins are classified? 

A. IgM , IgA „ IgG , IgE, and igD, 

3, Which is more common in plasma? 

A* IgG [80%), 

4. Which one can cross the placental barrier? 

A* IgG, 

5* What is the basic structure of immunoglobulins? 

A. Two heavy chains and two light chains connected by disulphide 
linkages. 

6. Describe the structure of immunoglobulin, 

A, Both heavy and light chains are glycoproteins. Each has 2 
regions, C-terminal constant region, which has a constant ammo 
acid sequences within a class or type and N-terminal variable (v) 
regions, with considerable variation in amino acid sequence from 
molecule to another, 

7. The antigen binding capacity of immunoglobulin resides at which 

region of immunoglobulin? 

A, Variable region. 

H. How many binding sites per immunoglobulin molecule? 

A. 2 per immunoglobulin molecule, a property known as divalency. 

9. What are types of tight chains? 

A, There are only 2 major types in man, the Kappa, k {70%) and 
Lambda, X (30%). Either types of light chain can be associated 
with each of the heavy chain classes, 

10. What is primary immune response antibody? 

A. Immunoglobulin M. 


- 390 - 
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l LWha* do you mean by primary immune response? 

A- It Is the first of the antibodies, which act on (ntroduction of a 
foreign antigen Into the plasma, its presence indicates recent 
infection, 

l2*M/frfch immunoglobulin having the highest molecular weight? 

A. IgM as it is formed of 5 basic subunits (pentamer), 

1 is the secondary immune response antibody? 

A. Immunoglobulin G. 

1 4* Which antibody is seen in body secretions? 

A. Immunoglobulin A r 

\ 5'Which immunoglobulin has a secretory piece? 

A* Immunoglobulin A. 

16. S/lffrai is the function of secretory piece7 

A. It protects IgA from digestion by gastrointestinal proteolytic 
enzymes. 

17. What is the function of !gA? 

A* it protects body surfaces against invading microorganisms, (In 
the intestinal, respiratory* and urogenital tracts as well as milk* 
colostrums and tears}, 

IS.What is the clinical importance of immunoglobulin B? 

A. They mediate allergic (anaphylactic) reactions. 

l9.kVhaf Ts the cause of anaphylactic reaction? 

A. IgE (through its Fc regions), in the presence of antigen, binds to 
mast cells, leading to mast cell degranulation and release of 
histamine and other substances. These substances result in 
allergic manifestations 

26.1/Vfr/c/i immunoglobulin having shortest half fife? 

A. immunoglobulin E, 

21. What is M band? 

A, A narrow peak in gamma globulin, caused by monoclonal 
antibodies secreted by malignant plasma cells. 

22. What Is Bence Jones profefn? 

A, It Is the light chains of immunoglobulins* excreted in urine. It is 
seen m urine of 20% cases of multiple myeloma. 

23. What is the test done to detect Bence jones profern? 

A Bence jones protein in urine Is precipitated when heated at GG*C. 
dissolved at 100°C and re-precipitated again when it is cooled to 
6Q a C. 
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24,Wow anf/body d/vers/fy is produced? 

A* By somatic recombination. 

25+What is antigen? 

A. Are substances when introduced into the body will stimulate an 
immune response i.e. antibodies production. 

26. What are haptens? 

A* Are small molecules that can not by themselves induce antibody 
formation but can do so when covalently linked to larger 
molecules. 

27. What is antigen deferm/nanf? 

A. This is the portion of antigen that binds with antigen receptors. 

2 8. What are antigen receptors? 

A. These are the sites on the surface of lymphocytes that bind the 
antigen. 

29. What is immunopotency? 

A. It is the capacity of the region of the antigenic determinant to 
induce the formation of specific antibodies. 

30.lVhaf are properties of antigens? 

A- They have high molecular weight and structural complexity. They 
are foreign to the body. The protein with molecular weights 
greater than 100,000 are the most potent antigens. 

31.May body tissues and body proteins stimulate immune response? 

A. No, because under normal conditions, tissues or fluids of the 
body can be recognized by Immune system as self (Le, own 
tissues}, and do not stimulate Immune response. 

happen if tissues of the body stimulate immune system? 

A. This leads to autoimmune diseses as rheumatoid arth iritis. 
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MCQ, Matching, true andfaCse 
and CompCetion 

I Select and encircle the most appropriate answer or 

completion: 


1. Which statement about Immunoglobulin G (IgO ) is CQ RRECT : 

A. The only immunoglobulin that can pass the placenta. 

B. Forms 20 % of the total immunoglobulins. 

C. Present exclusively in intestinal secretions. 

1). Immunoglobulins of primary immune response 
E. Contains secretory components. 

2. An antigen is characterized by all the followings EXCEP_T : 

A. Having regions of sequence hypervariabllity 

B. Protein in nature 

C. Having a high molecular weight 

D. Foreign to the host 

E. Having a complex structure 

3. The immunoglobulin that passes through the placenta is: 

A. IgA 

II. IgD 

C. IgE 

D. IgG 

E. IgM 

4. tVhich statement about immunoglobulins is MCjORRECT : 

A. Are associated with y globulins fraction by electrophoresis. 
K. Their basic structure has 4 polypeptide chains, 

C. Are synthesized mainly in the liver, 

1). Not all of them can pass the placenta. 

5. immunoglobulin M (IgM}: 

A. Has a relative long half life. 

It, Is Present as monomer or dimer, 

C. The major immunoglobulin during primary immune response, 
1). Can cross the placenta. 

6. Haptens,' 

A. Can alone stimulate antibody production, 

U Large molecules having structural complexity. 

C. They have no antigenic determinant. 

I) It is antigenic after covalently bound to large molecules. 


f L j ^ . 

A. Is found primarily in mucosal secretion. 

B )S one of less common immunoglobulins. 

C. Contains carbohydrate covalently attached to the H chain, 
D* It helps the release of histamine by mast cells. 


Scanned by CamScanner 












fmmvnochemistry 


394 


B. In immunoglobulins all of the following art* nun hXCJiPT* 

A* There are four polypeptide chains* 

B. There are 2 copies of each typo of heavy and I 9 11 c lfl 

C. Ah chains are linked by disulfide bonds. 

1). Carbohydrate Is covalently bound to tlio prololn. 

E. Immunoglobulin class is determined by the hght chains, 

9 h Which s fa foment about antigens Is IN CO B_Rh_QX 

A, Is foreign to the body 

B. They cannot by themselves induce antibodies formation. 

C, Have high molecular weight. 

D. Posses some degree of complexity. 

10, Bence Jones protein 

A. It is the heavy chains of immunoglobulins. 

B. It Is precipitated at 20*C, 

C. It is seen in urine of 20% cases of multiple myeloma. 

D. It is protein normally excreted in urine. 


Matching: For each set of numbered questions r choose the 
ONE. BEST answer from the list of lettered options below It. An 
answer may be used once or 


11 

12 

13 

14 

15 


Jmfm/nogfobu/m A 
.Immunoglobulin M 
.Immunoglobulin D 
. Immunoglobulin £ 

/Immunoglobulin G 

A. It has activity against thyroid tissue, Insulin and penicillin, 

B. Constitutes 30% of all serum immunoglobulins. 

C. It has polysaccharide nature. 

D. Major immunoglobulin during the primary immune response. 

E. contains secretory piece. 

F. Formed of kappa chains only. 

G. Responsible for immunity against parasites. 
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Answer %ey 


MCQ and matching: 


" 1 

2 ' 

3 " 

4 

5 

6 

7 

8 

9 

to 

A 

A 1 

D 

C 

C 

D 

C 

E 

B 

C 

" 11 

12 

13 

14 

15 


E 

D 

A 

G 

B 
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Chapter 20 


(Body fluids 


1 . Wh a f is the composition of blood? 

A. Blood is a liquid consisted of a yellowish fluid called plasma in 
which red and white blood cells and platelets are suspended. 

2. What is norma/ serum albumin level? 

A, 3.5 - 5 g/dl, 

3. What is di? 

A, Deciliter = 100 ml, 

4. What Is the norma/ value of total proteins in serum? 

A. 6-8 g/ d! 

5. What are functions of plasma proteins? 

A. Maintenance of plasma osmotic pressure, transport functions, 
defence function by immurioglobuliuns, coagulation, fibrinolysis, 
buffering of H 4 . Plasma proteins have special; functions, 
including protease inhibitors e.g. al-antltrypsin and a2- 

macroglobulin, 

6. Name some transport proteins. 

A. Apolipoproteins (lipids), thyroxin binding globulin (thyroid 
hormones), retinol binding protein, transcortin (cortisol), 

haptoglobin (hemoglobin), transferrin (iron), and hemopexin (free 

heme) + 

7. What is the clinical manifestation of Aipha-l-anti-trypsin deficiency? 
A- Emphysema and chronic lung infections. 

8 What is the protein resposibte of maintaing piasma osmotic pressur? 

A. Albumin. 

9. What is the effect of hypoproteinemia? 

A. Edema. 

XQ.Edema due to hypoproteinemia is seen in which conditions? 

cirrhosis (due to deficient synthesis of albumin), 
fdue to deficient absorption of proteins), and 

malnutrition 

nephrotic syndrome (dee .0 eecess lose ot proteins). 
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I l./n bfoocfr albumin carries what substances? 

A* Free fatty acids, bilirubin, salicylate, and calcium. 

12 Js it safe to give salicylate to infants having hemolytic diseases? 

A. No because bilirubin and salicylate compete for binding to albumin, and so it 
is not safe to give salicylate to infants having hemolytic disease- 

13> Whet are the functions of albumin? 

A* It maintains colloidal osmotic pressure of plasma, and it 
transports no n-esterified fatty acid and bilirubin. 

is synthesized in which organ? 

A, Liver. 

I 5, Where is gammaglobulins synthesised? 

A. By ret!cufo-endothelial system (spleen, lymph nodes) 

1 6.Polymorphism is exhibited by which proteins? 

A* Haptoglobin, transferrin! and ceruloplasmin. 

1 7 . Albumin globulin ratio is reversed in which conditions? 

A. Cirrhosis! chronic infections, nephrotic syndrome, and multiple 
myeloma. 

18 .Name acute phase proteins , 

A, C-reactive protein, ceruloplasm 1 n, and haptoglobin, 

is ceruloplasmin? 

A* It Is a copper containing enzyme (ferrox id ase) seen an blood, [t 3s 
an acute phase protein. 

20»Whaf is the clinical significance of ceruloplasmin? 

A* Ceruloplasmin level 3n blood is decreased in Wilson’s 
hepatolenticular degeneration. 

2 1. What are the carrier proteins of copper? 

A. Ceruloplasmin (90%) and albumin (10%). 

22. emopexifj carries what? 

A. Free heme. 

23. How bemoph//fa is manifested? 

A. Non-stopping hemorrhage after minor injuries. 

14.How hemophilia is transmitted? 

A. !t is inherited as an x-linked recessive trait, males are affected, 
females are carriers. 

25. Hemorrhage tendency is seen In which conditions? 

A. Hemophilia, Vitamin K deficiency, and thrombocytopenia. 

26. What are anticoagulants? 

A. Citrate, . heparin, dicumarol, EDTA and defibrination of blood. 
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27. What is natural blood anticoagulants? 

A, Heparin. 

28. Who/ are plasma proteins? 

A. Pre-albumin, albumin and globulins (a-1, a-2, p- and y-globuiins). 

29.1/Vbaf are types of a-1 globulins? 

A. Prothrombin, retinol binding globulin, transcortin, vitamin 0- 
binding globulin, al-antltrypsln, al-acid glycoprotein and ol* 
fetoprotein. 

30, Wi3f are types of a-2 globulins? 

A. Ceruloplasmin, haptoglobin, « 2 -macroglobulin and thyroxine- 
binding globulin. 

3\,What are types of p- globulins? 

A. Plasminogen, transferrin, p2-mrcroglobulin and c-reactive protein. 

32. What are types of y- globulins? 

A. They include all antibodies which are IgG, IgA, IgM, JgD and IgE, 

33. Wfiaf are nonprotsin nitrogenous compounds of plasma? 

A. Urea, uric acid, creatinine, and amino acids, 

34 . What Is serum? 

A. serum is plasma without clotting factors. 

}5.What is the composition o( plasma? 

A. Water ( 907=) and solids (10%). They include, organic and 

inorganic matters. 

36. What are organic matters of plasma? 

A, Proteins, lipids (plasma lipoproteins), carbohydrate {glucose and 
other blood sugars), nonprotein nitrogenous compounds [urea, 
uric acid, creatinine, etc..), hormones, enzymes, ketone bodies), 

37. What are inorganic mutters of plasma? 

A. Na‘, K*. Ca**, C!' , carbon dioxide, 

38. I s transferrin? 

\ This is a plasma glycoprotein that is synthesized In the liver and 
each molecule can carry 2 atoms of iron in ferric state (Fe J ‘). 

J'J.Wow much transferrin can carry iron? 

A The capacity of transferrin to carry iron is up to 160-450 ug 
irorWdl This is known as total iron binding capacity of transferrin 
(TIBC) As the plasma iron is 60-160 ug/dl T thus only 30% of the 
TIBC of transferrin is saturated. 

41),What is total iron binding capacity? 

\ maximum amount of iron that can be carried by transferrin per 

deciliter - 
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41 .What are physical properties of urine? 

A. These include volume, odor, color, aspect, specific gravity, pH 
and deposits. 

42. Wbaf is normal urine volume? 

A. BOO - 2000 mlfday, 

43. W , /)at are variations of urine volume? 

A. During sleep (at night), the amount of urine is about 1/2 the 
amount formed during the day. Polyuria is the urine excretion of 
more than 2000 mifday. Oliguria is the excretion of less than 500 
mlfday. Anuria is the excretion of less than 125 mi/day. 

44. What are causes of polyurea? 

A- Physiological po lyuria as in high fluid intake, and high protein 
diet (the end product of protein metabolism is urea which causes 
osmotic diuresis). Pathological PQlvuria as in diabetes meilitus 
(glucose causes osmotic diuresis) and In diabetes Insipidus (due 
to lack of antidiuretie hormone). 

45. What are causes ofo/fgurfa? 

A- Physiolo gical oliguria as in low fluid intake and at hot weather 
due to excessive sweating. Pathological oliguria or anuria as in 
urinary obstruction (by stones or tumor), excessive vomiting and 
diarrhea or due to shock and hemorrhage. 

46. Why urine gets the odor of ammonia if left For a long peroief? 

A. Due to decomposition of urea by bacteria and release of ammonia. 

47. What is the cause of yellow color of urine? 

A, The color of urine is due to 2 pigments; urochrome and urobilin. 

AH.What are variations of urine color? 

A. Jt may resuit from many metabolic products, drugs and foods, red 
color due to hematuria, and Yellow-brown due to Jaundice. 

49.Whaf is the cause of turbidity of urine? 

A. Normally, freshly voided urine Is transparent. Turbid urine may be 
associated with the presence of abnormal constituents e.g. pus 
(pyuria), red cells (hematuria), chyle (chyluria) and crystals 
(calcium phosphate or urate), 

Sft.What is specific gravity of urine? 

A. It is the density of urine compared with distilled water which has 
a density of 1.00 (liquid den sity/water density), 

51 . tVfta f is the other name of specific gravity of urine? 

A. Urine relative mass density. 

52. What is the norma! specific gravity of urine? 

A. 1015-1025 (for urine collected over 24-hours). 
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53, What does high specific gravity of urine mean? 

A* The higher the specific gravity, is the more the dissolved sofids 
in urine e.g. urea, uric acid, sugars. 

54* What is the diagnostic importance of measuring specific gravity of 
urine? 

A, It indicates the concentrating power of the kidney. 

55.W/iaf are variations of urine specific gravity? 

A, Decreased in cases of diluted urine as in diabetes insipidus and 
increased !n cases of concentrated urine as in diabetes melHtus, 
5(f.What is the normal pH of urine? 

A. Norma I [y, urine pH is acidic (about 6). 

57. What is the cause of acidity of urine? 

A. Acidity of urine results from conversion of baste phosphate 
(Na 2 HP0 3 ) into acid phosphate (NaHjPOj) in distal convoluted 

tubules of the kidney, 

58. Why urine gels less acidic after meals? 

A. Due to the formation of gastric HCI occurring after meals is 
associated with absorption of more bicarbonate. The iater is then 
excreted In urine making it alkaline. This process is called 
alkaline tide, 

5$.What are causes of high acidity of urine (pH below 6)? 

A. High protein diet, metabolic and respiratory acidosis, urinary 
tract infection by a type of bacteria called: E. coll, 

60. What are causes of less acidity of urine (pH above 6)? 

A. High citrus fruits and vegetables, administration of some alkalies 
as sodium bicarbonate, potassium depletion, as it leads to 

alkalosis, 

fil.Whaf are types of urine deposits? 

A, Pus cells, red cells, epithelial ceils, parasites, ova as bilharzial 

ova, Casts, and crystals. 

fil.kVhaf /s clinical significance of presence of pus in urine? 

A. it indicates urinary tract infection. 

63.VWiaf are types of epithelial cells m urine 

A Squamous epithelium is normally present in female urine. They 
are derived from skin while urine passing female genital tract. 
Columnar or transitional epithelium are derived from kidney, 
ureter or bladder duo to a variety of causes e.g. infection. 
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fj4.IV/ijf are casts ? 

A. These are cylindrical structures formed basically from 
mucoprotein In the distal convoluted tubules. After formation, 
they become loose and go down the tubules into the urinSn 

(yS.What are types of crystals in urine? 

A. The most common stones are urate, oxalate t and phosphate 
crystals. 

66.What are non-protein nitrogenous compounds in urine ? 

A. Urea, ammonia, creatinine* creatine, uric acid and amino acids. 

hi.What is norma/ urine urea? 

A. 20 - 40 g/day. 

6tt*W/jaf is the mein solute of urine? 

A, Urea. 

69*W/taf are conditions of increased urea in urine? 

A. Increased protein intake or in conditions where protein 
catabolism is increased as ]n fever and diabetes me I Fit us. 

76. Where is ammonia derived from? 

A* Deamination of amino acids mainly glutamine by glutaminase 
enzyme. 

7l,Wha* are causes of ammonia variations in urine? 

A, In acidosis as in diabetes meHtus, ammonia is increased. In 
alkalosis, ammonia is almost absent in urme. 

11 + What does creatinine excretion depend on? 

A. it depends on muscle buik of the individual and not on diet. 

73. Where is urine uric acid derived from? 

A. U is derived either exogenously from diet or endogenously from 
breakdown of tissue nucleoproteins In Fiver. 

74. Why uric acid is acidic? 

A. Because it contains 3 enol groups (C-OHJ that can give {H + ) ions, 

75. Why uric acid solution is atkatine when ive test it in the tab? 

A. Because uric acid is dissolved in an alkaline medium. 

7fi.W/iaf are conditions of increased uric acid in urine? 

A. Leukemia, severe liver disease and gout. 

11.What is attention? 

A* It is a substance derived from partial oxidation of uric acid. It is 
present in birds urine. Human urine contains very small amount of 
a llantion. 

78,W/iaf is amino aciduria? 

A. Excessive excretion of amino acids. 
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IV, What are causes of amino aciduria? 

A- In terminal liver disease due to failure of deamination of amino 
acids and in kidney disease due to inherited tubular defect in 
reabsorption of amino acids. 

HO.kYbat are abnormal constituents of urine? 

A. Sugars, proteins, ketone bodies, bilirubin and porphyrins. 

S I . IVhaf are sugar excreted in urine? 

A. Glucose (glycosuria), fructose: (fru ctosuria), galactose 

(galactosuria) and pentose (pentosuria). Lactose (lactosuria) may 
occur In infants and in mothers during pregnancy, lactation and 
the weaning period, 

82.Are proteins normally excreted in urine? 

A. Normal urine contains very little amount of proteins (less than 30 
mg/liter}. These are albumin and globulins (30%) and 
mucoproteins of renal origin called Tamm Horsfall mucoprotein 
(70%). 

HJ.tVhat is microalbuminuria? 

A. It Is the excretion of proteins (30 - 200 mgiliter). 

84,What does microalbuminuria indicates? 

A. It indicates early affection of kidney as in diabetes inellitus. 

85.lVbar is proteinuria? 

A. It is an increase of protein loss in urine (more than 200 mg/liter), 
it is a characterstic of all acute and chronic kidney diseases. 

8ft. What is the most common protein excreted in urine? 

A. Albumin (albuminuria) due to its lew molecular weight and higher 
plasma concentration compared with globulins. 

87. What are other proteins excreted in urine? 

A. Bence Jones protein, hemoglobin and myoglobin. 

88. H//iaf is Bence Jones protein? 

A. ft is an abnormal typo of globulins (light chains of 
immunoglobulins), present in urine of patients suffering from 
multiple myeloma (malignant plasma cells), 

89. What are fbc characteristics of Bence Jones protein 1 

A It (s precipitated at 60°C. dissolved at 100°C and reprecipitated 
on cooling. 

90.lv/jaf does hemoglobinuria indicate? 

A It indicates intravascular hemolysis as in malaria and hemolytic 

anemia. 
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9!.W/iaf does myoglobinuria indicate? 

A* It indicates massive muscle damage as in burns and severe 
electric shock. 

92, What are normai ketone bodies excreted in urine? 

A. Less than 18 mg, 

93. What is ketonuria? 

A. Ketonuria Is the presence of ketone bodies In the urine in 
abnormal concentrations. 

9A r What are causes of ketonuria? 

A, Ketonuria may occur in any condition where carbohydrate 
utilization is impaired e.g. starvation, carbohydrate poor diet and 
diabetes m ell if us, 

95,lWrat are causes of presence of bilirubin in the urine? 

A, Obstructive jaundice and in some stages of toxic jaundice. 

9 6 , Wh a f is the color of jaundiced urine? 

A, Greenish brown color, 

97 + Wfrat are causes of hematuria ? 

A. It is caused by urinary bilharziasis, glomerulonephritis, traumatic 
or malignant diseases. 

98. Wfraf are normal porphyrins excreted in urine? 

A. Normally, 60 - 300 microgram cop roporphy ri ns/d ay are excreted 
in urine. 

99. What are causes of the presence of excess amount of porphyrins in 

urine? 

A. Occurs in patients suffering from porphyrias, 

i(HJ- What are types of proteinuria? 

A - Pieremi proteinuria as In heart failure due to renal venous 
congestion. Renaj proteinuria due to kidney affection (glomerular 
as in glomerulonephritis, or tubular as j n pyelonephritis). 
Postrenaj pro fern or/ a due to lower urinary tract affection as 
inflammation or tumour of urinary bladder, 

101. What is milk? 

A. It is the secretion of mammary glands after labor. 

102. What is the major difference between human and cow’s milk? 

A. Human milk has higher carbohydrate content than cow’s milk while 
protein content is less. 

I 03* What is meant by humanization of miik? 

A. This is a process by which cow’s milk is made to be as near as 
human milk, to suit the infant’s needs. 
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HI4. How j's to humanize cow’s milk? 

A. To humanize cow's milk, protein is to be haff diluted and 
carbohydrate is to be added. Thus, to one cup of cow's milk, add 
half a cup of water and two tea-spoons of sugar. Iron, vitamin C 
and vitamin D may be added. This will make it comparable to 
human milk. 

HI5. What is the aim of humanization of milk? 

A. The aim of humanization is to decrease the concentration of 
casein which if present in high concentrations, forms a dense clot 
in the infant's stomach and leads to vomiting. 

106, How much is milk fat? 

A. 3.7 g/dl. 

1117. Milk contains which type of fatty acids? 

A. The fatty acids arc mainly unsaturated fatty acids (52%} and 
saturated (48%), half of them arc medium chain saturated fatty 
acids (Laurie and Myristic acids). 

IDS. What./s the advantage of medium chain fatty acids? 

V, They are easily digested, absorbed and metabolized. 

1 (ID, What are human milk proferns? 

A. Milk proteins; 1.2 gfdl. They are ca sein(25%}, albumin, globulin 

(75%} and enzymes, 

1 ID. What is the significance of albumin and globulins in human milk? 

A. Albumin and globulin (75%} are solubfe i.e. easily digested. They 
also contain y-globulins which give immunity for the baby. 

1 ] 1. What is the major protein in cow's milk? 

A. 75% protein of cow’s milk is casein. 

I 12, What type of protein is casein? 

\ It is a phosphoprotein of high biological value, ft combines with 
calcium ions to form the insoluble calcium caseinate (milk clot}. 

1 13. How the phosphate group is attached to protein? 

The phosphate groups are added to the hydroxyl groups of serine 

or threonine residues, 
f 14. What is milk clot? 

\ This is the enzymatic precipitation of milk casein by rennin 
enzyme. 

115. What is the significance of milk clot formation? 

\ This prevents the rapid passage of milk from the stomach to 

’ intestine end gives the sense of fullness. 
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1 16. Wtoaf are milk enzymes? 

A, Proteinase, amylase, peroxidase, catalase, alkaline phosphatase 
and aldehyde oxidase. 

! 17. Wh/cfr contains more proteins, human or cow's milk? 

A. Milk proteins are less in human than in animal milk. 

lift. Wfraf is whey? 

A. If milk is acidified and pH lowered to 4*7, the casein is 
precipitated (iso-electric precipitation). The supernatant is called 
whey. It contains proteins and all water soluble vitamins, 

1 VK What are the proteins present in whey? 

A. lactalbumin, lactoglobulin and lysozyme. 

1 2ft. Whet is colostrum? 

A. It is the milk secretion in the first few days after labor. 

121, What is lactofvrrin? 

A. It is iron binding protein present in milk, neutrophils and other 
body fluids. It has antibacterial action. 

12 2. Whet is skimmed milk? 

A. It is milk without milk fat. 

12 3. Wha t is m ilk so u ring ? 

A. It is the precipitation of casein by lowering mirk pH to 4.6 
(isoelectric point of casein). This is due to production of lactic 
acid from lactose by the action of bacteria. This is the idea of 
yoghurt formation, 

124, tV/iaf js dried milk? 

A, Milk from which water is removed by lypholyzation. 

I 25. tVtoaf is milk curdling? 

A. It is the precipitation of casein by milk clotting enzymes (rennin), 
in the form of insoluble calcium paracaseinate, This is the idea of 
cheese formation. 

I 2rt. What is milk pasteurization? 

A. It is sterilization of milk by heating it to 60*C for 30 minutes (or 
70 Q C for 15 minutes) followed by rapid cooling, 

127. What is milk carbohydrate? 

A. lactose (7*0 g/dl), 

128. Which contains more lactose, human or cow's mifk? 

A. Lactose is more in human than in animal milk. 
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120. Why baby can consume large amounts of milk without developing 
nausea? 

A. Because the sweetness of milk is entirely due to lactose, which is 
less sweet than ordinary cane sugar; sucrose. 

1 30. What is the advantage of lactose over any other sugar? 

A, Lactose on hydrolysis gives glucose and galactose sugars. 

Glucose is 3 good source of energy, Galactose has a special value 
for the rapid synthesis of glyco- and galactolipids —*■ Important for 
C NS. 

13 1 . What are milk vitamins? 

A+ Milk contains most of the vitamins. It is very rich in vitamins A 
and B 2 . It is poor in vitamins C, D, and K, 

13 2, Wh b t are mil k mi no fa Is ? 

A. milk is the richest source of calcium and phosphorus* It is poor in 
iron sodium and potassium, 

133* What are physical properties of mffA? 

A. Color is white due to the presence of fat globules and calcium 

phosphate. Cow's milk is creamy as it contains excess carotene. 
pH: 6 - 7.7. Specific gravity is 1 032 at 32 C (human milk) and 1023 
at 32 C (cow's milk). 

134. Which has higher specific gravity, full cream or skimmed milk? 

A. When milk is skimmed, the specific gravity rises (loss'.!037) 

owing to the removal of fat (light constituent). 


135. 


Compare between colostrum end ordinary mi£k 



Colostrum Ordinary miJEc 

Color 

Yellowish as it 

contains excess 

carotene 

White 

Consistency 

Reaction 

Proteins 

Thick 

Thin 

Alkaline 

Neutral 

15 g/dl and contains 

excess gamma 

globulins 

1.2 gldl 

Ca rboh yd rates 

Less 

7 g/dl 

Lipids 

Less 

3.7 gfd1 

Minerals 

More 

Less 

Trypsin inhibitor 

Present 

Absent 
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136. Compare between humen snd cow's milk 



Human milk 

Cow's milk 

Proteins: 

1.2 g/dl 

3.3 g/di 

Casein 

0.3 g/dl 

2.7 g/dl 

Albumin igiob. 

0.9 g/dl 

0.6 g/dl 

Lactose 

7.0 g/dl 

4.7 g/dl 

Lipids 

3.7 g/dl 

3.7 g/dl 

| Sat. FA 

48% 

58% 

Unsat, FA 

52% 

42% 

Minerals 

Less 

More 

V ilam i ns 

More 

Less 


137. Is milk a complete diet? 

A. Milk is considered a complete diet because it contains almost all 
substances necessary to maintain life (carbohydrate, proteins, 
lipids, minerals and vitamins). However, it is not a perfect diet 
because It Is deficient in vitamins; C s D and K iron and copper. 
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Mat citing, true and false 
and Completion 


Se/ec| and encircle the most appropriate answt 


completion; 



! . Human milk: 

A, Contains saturated fatty acids more than unsaturated fatty acids. 
R, Poor in vitamin A. 

C. Contains more lactose than cow's milk,. 

D. Contains more proteins than cow's milk, 

E. Needs supplementation of calcium 

2. Which statement about cofosfrum is [NCORRECX - 

A. it is poor in proteins especially gamma globulins. 

R, It is yellow in color due to the presence of excess carotene. 

C. It is the milk secreted Immediately after birth, 

D, It contains less fat and less carbohydrate than late milk 

3. Ferritin; 

A. Is a plasma protein which binds iron 

B. Is a muscle protein which oxidizes iron to the ferric state 

C. Is a protein which stores ferric ions 

D. Is involved in absorption of vitamin B 12 from intestine 

E. Regulates excretion of urinary iron 

A. A sense of thirst associated with diabetes mellitus. 

B. Excessive urea formation. 

C. Decreased dally urine volume below normal range. 

D. Increased daily urine volume above normal range. 

5. in jaundice, the color of the urine is: 

A. Amber yellow 

B. Greenish brown 

C. Red 

D. Purple 


6. Specific gravity 

A. 1000-1 OtO 
U. 1005-1010 

C. 1015-1025 
f). 1040-1050 


of 24 hours urine fs ranged between: 


^ _ .... i,tine Is due to 
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S, AH thn followings ,iro c:o> s f / f d f? rJ I-- «f uorma/ tfrfrte LX CEP T. 

A. Uric nckL 

B. Bonco-Jonos prololn. 

<'. Uron, 

I), €ro nil nine, 

l *« rho uh l7/o r source of ammonia in the kidneys is: 

A. Leucine 
Ui Glutamate 

C. Glut a mine 
S>. Aspartate 

K. Asparagine 

111, After moaf, alkaline tide of urine is due to: 

A. Excess lipids In diet* 

It. Excess carbohydrates in diet, 

C. Excess proteins in diet. 

I). Gastric HCI formation and excretion of excess bicarbonate, 

[ I,One of the non protein nitrogenous compounds in urine is: 

A. G/ucjuronfc add 
It, Uric rigid 
C\ Carnitine 
D* Urobilinogen 

\ 2 . Crej fi'nrne in urine is derived from: 

A, Liver, 

B. Skeletal muscles. 

C* Spleen, 

I), Protein of diet. 

Lt.Lacfose is found in urine in case of: 

A. Diabetes insipidus. 

B. Lactation, 

C Muscle diseases, 

D. Acidosis. 

f4.TYte followings are abnormal constituents of urine EXCEPT- 

A. Bilirubin. 

It, Ketone bodies, 

C, Pentoses. 

D, Indican. 

! 5. The main solute of urine is: 

A + Sodium chloride. 

It. Urea. 

C. Uric acid, 

D, Ammonia, 

l(j*C&sein of milk is: 

A, Derived protein. 

It. Glycoprotein, 

C. Fhosphgprotein. 

D. Lipoprotein. 
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]1,Insoluble calcium caseinate Is the mill: clot that: 

A. Makes the milk pH slightly alkaline. 

B. Contains excess antibodies. 

C. Gives infant the sense of fullness. 

D. Gives the sweetness of the milk. 

18.IWr/Jf is the richest source of; 

A. Iron. 

B. Calcium. 

C. Copper. 

D. Zinc. 


1 l ),Among the anti-coagulants normally present in blood is: 

A. EOT A. 

B. Dicumarol. 

C. Sodium citrate. 

D. Heparin. 

20.A substance that can prevent blood clotting is: 

A. Sodium citrate, 

B. Sodium chloride. 

C. Protamine sulfate. 

D. Fibrinogen. 


2 I .The norrnaf pH of the blood is: 

A. 6.8. 

B. 7.4. 

C. 7.7. 

D. 6.0 


22.Which finding a bout iron deficiency anemia is INCORRECT : 

A. Plasma iron is decreased. 

B. Plasma TIBC is decreased. 

C. Plasma ferritin is decreased. 

D. RBCs are hypochromic and microcytic. 


22,Blood plasm a differs from blood serum in content of 

A. Lipids. 

B. Carbohydrates. 

C. Proteins. 

D. Won-protein nitrogenous compounds. 


24,Which of the following is not anticoagulant 

A. EDTA. 

B. Vitamin K. 

C. Potassium oxalate. 

I). Heparin, 


2* Which statement about seminal fluid is INCORRECT : 

A. Glucose is the main carbohydrate 

ti Zinc is very important constituent. 

C' Sperms are formed of head, neck and tail, 
o! Lipid content is rich in prostaglandins. 
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26.The followings are functions of CSF except: 

A* It protects the brain and spinal cord during movement, 

B. It minimizes the friction between vertebrae during movement. 

C. It carries nutrients to brain and spinaF cord, 

D. it maintains constant pressure inside the head and the spinal 
cord, 
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Answer %$y 


/MCQ: 


1 

2 

3 

4 

5 

6 

7 

3 

9 

1° 

c 

A 

C 

D 

B 

C 

A 

B 

C 

D 

11 

12 

13 

14 

15 

16 

17 

18 

f9 

20 

B 

B 

B 

D 

3 

C 

C 

B 

D 

A 

21 

22 

23 

24 

25 

26 





B 

B 

C 

B 

A 

B 
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Chapter 21 


Acid <Base (Balance and pH 


1. Relationship between pH and pK is given by which equation? 

A* Henderson-Hassefbalch’s equation. 

2 . What determines the pH of buffer? 

A, By the ratio of salt to acid. 

3. Suffer is most effective when? 

A. When pK of the acid is nearer to pH. 

4. When is the buffering capacity is more? 

A. When the absolute concentrations of salt and acid are more. 

5. in the blood, which buffer is most effective? 

A. Bicarbonate buffer, 

6. What are the mechanisms for maintaining the normal pH of plasma? 

A. Buffers of plasma, lung mechanism, and kidney mechanism. 

7. What is the alkali reserve of the body? 

A. Bicarbonate is the alkali reserve, 

8. What is the ratio of bicarbonate to carbonic acid in blood? 

A, Bicarbonate to carbonic acid ratio is 20, 

9. What are the mechanisms by which renal regulation of acid load is 
achieved? 

A, Excretion of hydrogen ions in urine, excretion of ammonium ions 
in urine, and production of bicarbonate in renal tubules. 

10 -Glutaminase enzyme is used for what purpose? 

A. For production of ammonia in kidney tubules, 

1 1 , What is metabolic acidosis ? 

A. Primary deficit of bicarbonate, 

12 . What are the causes of metabolic acidosis? 

A, Diabetic ketosis, chronic renal failure, and diarrhea, 

13-Wbaf are the features of diabetic ketoacidosis? 

A, Lowered bicarbonate, elevated plasma chloride, and Increased 
anion gap. 


- 415 - 
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fs the formula used to calculate anion gap? 

A. [Sodium + potassium) minus (chloride * bicarbonate), 

15-What is the cause for high anion gap acidosis? 

A. Diabetic ketoacidosis, chronic renal failure, renal tubular 
acidosis, lactic acidosis, 

IG.Wftaf is metabolic alkalosis? 

A* Primary excess of bicarbonate, 

1 7 . What are the causes of metabolic alkalosis? 

A* Prolonged vomiting, gastric aspiration, and ingestion of antiacids. 

ItLWbaf is respiratory acidosis? 

A. Primary excess of carbonic acid, 

19. What are the causes of respiratory acidosis? 

A, Bronchial asthma, bronchopneumonia, narcotic poisoning and 
emphysema. 

20 . What is respiratory alkalosis? 

A. Primary deficit of carbonic acid. 

21 , What is the cause for respiratory alkalosis? 

A* Hyperventilation. 

22 . What are the results of prolonged vomiting? 

A, Alkalosis, hypochloremia, and hypokalemia. 

23, What is the pH of 0 S 1 M hydrochloric acid? 

A, One. 

24, When pH fails by t unit t what is the change in the hydrogen ion 
concentration? 

A. Increases by 10 times. 
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9/tCQj, Matching, drue andTaCse and 

CompCetion 


Select and encircle tho most appropriate answer or 
completions 


]. Respiratory acidosis may bn caused by: 

A. Hyperventilation 
It. Emphysema 

C. Vomiting 

0. Ingestion of oxco$3lvo amounts of sodium bicarbonate 
E. Starvation 


1. Which of the following in likely (o produce metabolic acidosis? 

A. High attitude 
fl. Excessive vomiting 

C. Starvation 

D. Toxic dose of morphine 

E. Ingestion of excessive amounts of sodium bicarbonate 


3. The pH of a solution Is equal to: 

A. The hydrogen Ion concontratlon(H') 

B. Log,a(H'l 

C. - logio(H') 

D. ln(H‘) 

E. - in {H*} 


4. 77je ionization of a weak acid HA * H* + A- has an apparent 
equilibrium constant; K, which Is equal to. 

A. Log [A )/[HAJ. 

B. [HA]/[A]. 

C. [H ir ]{A'J/[HA.] 

D. [A']f('HA]. 

E. [HA]/[H*][A ). 


5. 


When the pH for a solution 
question is equal to the pK, 
salt and the acid [A ]/(HA}: 


of tho acid described in tho previous 
the ratio of the concentrations of the 


A. 0 

B. 1 

C. 2 

D. 3 

E. 4 


, ,, 11lf .-~*iratnrv alkalosis EXCEPT. 

6- All the following are causes of rosptra y 

A. Hysteria 

B. Fevers , , 

C. Early stage of sallcylnto polslonlng 

D- Hepatic failure 
E. Mechanical asphy&l 
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7. In respiratory alkalosis; . . „hr, rt rm;illv low plasma 

A. The acute stage is associated with an abnormally iow h 

[KCOj] , f . 

B. The mechanism of compensation causes an Incroase n e 

plasma [HCOj ] . „ flll(u 

C. The plasma pH never returns to the normal range n 

compensated state . . 

D. In the partially compensated state there will be a n *. IS ^ 
excess equal to the difference between 24 mEq/L on 

plasma [HCOj ) 

E. Compensation involves changing Pto 2 


In the /offowing questions indicate with clear (T) the true 
statements t and with clear (F) the false statements: 


The fof/otWnq sfafemenfs are correct: 

An acid Is a substance which can dissociate to produce hydrogen 
tons. 

y A base is a substance which can accept hydroxyl Ions. 

I {) Buffering is the process by which a strong acid is replaced by a 
base, 

] | pH is the logi a of the hydrogen ion concentration. 
j 2 r pH of the blood is 7, 

Ronaf mechanism in the handling of JbrcarbQriafe Include: 

13 Passage through the glomeruli by filtration. 

14 Absorption as bicarbonate from the tubular lumen, 

15 Dissociation Into sodium and bicarbonate ions under the influence of 
carbonate dehydratase. 

Diffusion of bicarbonate ion from tubular cells to plasma down a 
concentration gradient. 

17 Active secretion of hydrogen ions from tubular cells Into the tubular 
lumen. 


Ammonium forts: 

1 $ Forms a buffer pair with phosphate. 

^Diffuses out of tubular cells into the urine much more rapidly than 
ammonia, J 

20 Dissociates in the tubular cell to liberate hydrogen Ions 

21 bte?r U b C *n a at. n . ,h * ‘“ b ” 1 " "" ' ei "“ '° ™».f' b.cretiob of 

2 2 J s formed from glutamine, together 
ultimately converted to glucose. 


wi th glutamate which 


Im^ortajrt buffering activity Is provided bv- 
23 Bicarbonate in blood. Ll 

7 j Hemoglobin. 

25 Phosphate in the blood. 

2 ^ Phosphate in urine. 

27 _Plasma proteins. 
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Jfi alkalosis : 

t^Thoro !» miirhocl hypovantllatlon. 

,,)Tlio primary abnormality Is a rise In plasma bicarbonate. 

^,1 ’l'otany tmiy dovntop In spite of normal total plasma calcium levels. 
llMninbollc cornponsntlon depends on increased urinary bicarbonate 

Ions. 

( i WHli chloride depletion, tho urine may be inappropriately acidic. 


Matching: For ouch set of numbered questions, choose the 
ONE BEST answer from the list of lettered options beiow it. An 
answer may be used once or more times, or not at ait. 


tt./’iofun donor 
\ I J’i olott .receptor 
>5, (In (for 
M\.Ph 


. 17 , pH 

A, Nopntlvo logarithm of hydrogen Ion concentration, 
II, Is a solution, which resists the change In pH 
{'. A base 
|l. An acid 

I., Acid dlssoclnllon constant 


IN.ffosfjfrafory acidosis 
} <). Mo ratio Me acidosis 
■HI,Respiratory alkalosis 
4 I ,Mofaljol/c ,iJAa/osfs 

A. Is duo to primary decrease In the concentration of carbonic acid 

content {CO] tension). r 

It. Is duo to n primary Incroaso In the concentration of carbonic acid 

contont (CO) tension). . . 

Is duo to a primary Increase in the concentration of bicarbonate 

l), jJK a primary decrease In the concentration of bicarbonate 
{NnHCOj). 


Scanned by CamScanner 







Acid Base Balance and pH 


420 


Jlnswer %py 


MCQ: 


1 

2 

3 

4 

5 

6 

7 


B 

C 

C 

C 

B 

E 

A 

True i 

wd fal. 

se: 




8 

9 

10 

11 

12 

13 

*4 

15 

*6 

1 17 

; t 

F 

F 

F 

F 

T 

F 

F 

T 

T 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

F 

F 

T 

F 

T 

T 

T 

F 

T 

F 

28 

29 

30 

' 31 

32 






F 

T 

T 

T 

T 







Matching: 


33 

34 

35 

36 

37 

38 

39 

40 

41 


D 

C 

B 

E 

A 

B 

D 

A 

C 
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Chapter 22 


Hormones and 
Mechanism of Action ofHormones 


1 ■ IrtTiat are G proteins? 

A- They are involved in signal transduction* 

2, How the G proteins work? 

A* The receptors are in membrane* and binding of hormone causes 
activation of G protein. 

3, How is G protein activated? 

A, Binding of hormone on receptor causes attachment of GTP to G 
protein, and thereby G protein is activated, 

4, What js fhe function of activated G protein7 

A, Activated G protein activates adenylate eye Ease enzyme, 

5, ffow adenylate cyclase is destroyed? 

A. By phosphodiesterase enzyme. 

6 , How cyclic AMP further works? 

A , Cyclic AMP activates protein kinase. 

7, What is the function of protein kinase? 

A. It phosphoryfates enzymes or target proteins, so that they are 
activated. 

8 , Name some hormones, which act through cyc/ic AMP as the second 
messenger. 

A, GlucagoripACTH.TSHpADHpFSH+and LH. 

9, Name some second messengers „ 


A. Cyclic AMP, 1,2’diacylglyccrol, inositol triphosphate, and 


calcium. 


10.Warns some hormones, which act through cyclic GMP as (he second 
messenger. 

A. AMF (atrial natriuretic factor). 

1 1 .Name some hormones that bind to /ntraceffu/ar receptors 


A- Glucocorticoids, mlneralocorticoids, estrogens 
androgens, and thyroxin. 


progesterone, 


- 422 - 
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U.What are hypoth a i am(C neuropeptides? 

A. These neurohormones are antidiuretic hormone (ADH) and 
oxytocin, 

f 3. A/3 me the important hypothalamic releasing factors. 

A. TRH (thyrotropin releasing hormone), GnRH (gonadotrophin 
releasing hormone), GHRH (growth hormone releasing hormone), 
somatostatin (growth hormone inhibitory factor), CRF 
(corticotrophin releasing factor), and PIF (prolactin inhibitor 
factor). 

14.0-Charn of human chorionic gonadotrophin (HCG) is shared with 
what else? 

A. TSH, FSH, LH and HCG have the common tt chain, and (S chains 
are specific. 

15.1/Vfret are the hormones produced by anterior pitutary? 

A, GH (Growth hormone), ACTH (Adrenocorticotropic hormone), LH 
(Luteinizing hormone), FSH (Follicle stimulating hormone), TSH 
(Thyroid stimulating hormone), MSH (Melanocyte stimulating 
hormone), and PRL (Prolactin}, 

16, What is the major effect of growth hormonefGHj? 

A. GH increases the uptake of amino acids by cells, enhances 
protein synthesis, and produces positive nitrogen balance. The 
antMnsulin effect of GH causes lipolysis and hyperglycemia. The 
overall effect of GH is to stimulate growth of soft tissues, 
cartilage, and bone. It is anabolic, 

1 7.Increased secretion of growth hormone will lead to what condition? 

A. Excess secretion of GH secretion leads to gigantism in children 
and acromegaly in adults. 

1 8. What is the result of decreased growth hormone secretion? 

A, Deficiency of GH secretion in early childhood results in pituitary 
dwarfism. 

1 9 , What is the function of FSH? 

A. FSH stimulates growth of ovarian follicles In females and 
spermatogenesis (Sertoli ceils) in males. 

20, Wiaf is the function of LH? 

A. Testosterone in males (secreted by Leydig interstate cells) and 
progesterone in females (secreted by corpus luteum), are 
increased under the influence of LH. 

21 . The 11-hydroxyl*se is required for the synthesis of which hormone? 

A. Cortisol. 
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22.17)6 17~hydraxylase is required for the synthesis of which 
hormones? 

A. Cortisol, testosterone, and estradiol. 

23. Which is the precursor of steroid hormones ? 

A. Cholesterol. 

24. What are the hormones produced from progesterone ? 

A. Corticosterone, aldosterone, testosterone, and estrogens. 

25. Cortisol has how many carbon atoms? 

A. 21. 

26. Aldosterone has how many carbon atoms? 

A. 21. 

27 .Testosterone has how many carbon atoms? 

A. 19. 

28. Estrogen has how many carbon atoms? 

A. 18. 

29. What is the immediate precursor of estrogens? 

A. Testosterone. 

30. What are the structural features of estradiol? 

A, Cy cl ope nlanophenanthrene ring, total 18 carbon atoms, aromatic 
character o# A ring, and hydroxyl groups on 3 rd and 17 carbon 
atoms. 

31 . 21-hydroxylase Is required for the synthesis of which hormone? 

A, Aldosterone. 

32. What are the effects of glucocorticoids? 

A. Increased gluconeogenesis, and lipolysls, elevated protein 
breakdown, and depressed Immune function. 

33. What is the precursor of thyroxin? 

A. Tyrosine. 

34. Name some antithyroid agents. 

A, Thiocyanate, perchlorate, and methimazote, 

35. How thyroid hormones are produced? 

A. Tyrosine residues of thyrogiobulin are iodinated. 

36. What is the function of thyroid stimulating hormone? 

A. It increases the uptake of iodine by thyroid gland, enhances the 
oxidation of iodine to iodide, and favors the hydrolysis of 
thyrogiobulin to produce T4, 
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37.IV/Tat is the ratio of T4 and T3 in blood? 

A- Blood concentration of T4 is 70 times more than T3. 

38. What are the functions of thyroid hormones? 

A. Calorigenic effect or thermogenesis and BMR is increased. 

39 . Wow this is produced? 

A. The thermogenic effect is mediated by uncoupling of oxidative 
phosphorylation. Thyroxin in large quantities can swell the 
mitochondria. Basal metabolic rate (BMR) is increased. 

40. What are the biochemical features of thyroid hormones? 

A. Thyroxin increases cellular metabolism. Gfuconeogenesis and 
carbohydrate oxidation are increased. Glucose tolerance test 
shows rapid absorption. Fatty acid metabolism is increased. 

41 .Deficiency of thyroxine results in which condition? 

A. Myxedema. 

42. What are the salient features of hypothyroidism? 

A. Decreased T3 level. increased TSH level, lethargy, 
hypercholesterolemia, weight gain, and decreased basal 
metabolic rate, 

43. What are (he characteristic features of primary hyperthyroidism? 

A High TSH and T4 levels, increased rate of metabolism, weight 
loss, tachycardia, fine tremors, sweating, diarrhea, emotional 
disturbances, anxiety, and sensitivity to heat. 
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%CQ, !Matcfling, True andTafse and 
Compfetion 


Select and encircle the most appropriate answer or 

completion: 


1* parathyroid gland regulates the metabolism of: 

A* Calcium 

B. Phosphate 

C. Both of the above (A and B) 

D. Magnesium and phosphate 

E. Sodium and phosphate 

2. A hyperglycemic factor produced by the pancreas is: 

A. Insulin 

B. Lipase 

C. Glucagon 

D. FSH 

El Thyroxin 

3. A substance present in the small intestine that stimulates 
contraction of the gall bladder is: 

A. Rennin 

B. Secretin 

C. Cholecystokinin 

D. Enteropeptidase 

E. Gastrin 

4. Thyroxin is synthesized in the thyroid gland from- 

A. Tryptophan 

B* Indole 
Cl Histidine 

D. Tyramin 

E. Thyroglobulin 

5. In insulin deficiency: 

A. Protein synthesis is depressed 

B. Protein degradation is increased 

C. Nitrogen excretion is Increased 

D. Fatty acid synthesis is depressed 

E. All of these 

6. The prostaglandins: 

A. Cause hypertension 

B. Occur only in prostatic tissue 

C. Synthesis needs cyclo oxygenase 

D. Are synthesized from oleic acid 

E. Have chemotactic action 
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7, Gigantism and acromegaly are diseases due to alterations in 
secretion of: 

A. FSH 

B. TSH 

C. Growth hormone 

D. Parathyroid hormone 

E. Melatonin 

8, In mammals, norepinephrine is synthesized from’ 

A. Epinephrine 

B. Adrenaline 

C. Indole 

D. Tyrosine 

E. Serotonin 

9, Progeslerone is a precursor of: 

A. Aldosterone, cortisone, and corticosterone 

B. Cholesterol, cortisone, and cholic acid 

C. Aldosterone, deoxycholic acid, and pregnenolone 

D. Hydrocortisone, pregnenoione, and esteriol 

E. Corticosterone, testosterone, and cholesterol sulfate 

ULTwo actions of insulin are: 

A. Promotes the conversion of fat to carbohydrate and facilitates the 
passage of glucose into the cells 

B. Facilitates the passage of glucose into the cells and decreases 
fatty acid oxidation, 

C. stimulate hexokinase and promotes gluconeogenesis 

D. Promotes gtuconeogenesis and inhibits lipolysis 

E. Inhibits lipolysis and promotes glycogenolysis 

I I.Glucagon and epinephrine are similar in that: 

A Both promote glycogenolysis in liver and muscle 

B. Both promote the activation of liver phosphorylase 
C- Both reduce blood glucose level 

D. Both are formed by the a-cells of the pancreas 

E. Both are hypertensive agents 

| 2 Jn hypoparathyroidism In man there occurs: 

A. Elevation of serum calcium levels 

B. Urinary calculi 

C Increase of calcium absorption 

D, Decrease in ionic serum calctum 

E. Decrease in serum thyroxin 

l3.Whot series os s proosrsor of lostoslorons? 

A. Andrenosterone 

B. Pregnenolone 

C. Estrone 

D. Methyitestosterone 

E. Aldosterone 
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1 A.Chemically, the steroids are derivatives of: 

A, Fatty acids 

B, Cholesterol 

C, Ergosterol 

D, Perhydrocyclopentanophenantherene 

E, None of these 

1 S./Weasuremertf of urinary 17-ketosteroids: 

A, Gives abnormally high values in pheochrcmocytoma 
B- Gives abnormally high values in children 
C, Used for evaluating adrenal and testicular function 
f>, Is an indicator of functioning adrenal glands 
E. Gives abnormally high values in hypogonadism 

16 .Which of the following hormones or conditions DOES NOT cause 
increased Upolysis? 

A. Insulin 

B. Glucagon 

C. Epinephrine 

D. Diabetes mellitus 
E* Starvation 

I7 a Pa/rs of hormones with antagonistic effects include ail of the 
followings EXCEPT ; 

A. Vasopressin ~ oxytocin 

B. Insulin - glucagon 

C- Calcitonine - parathyroid hormone 
D, Melanocyte stimulating hormone - melatonin 
E* Histamine - serotonin 

IS.lVh/ch of (he following activities is NOT increased following 
exposure to physiologic concentrations of insulin? 

A, Plasma membrane transfer of glucose 

B. Glucose oxidation 
C Gluconeogenesis 
D. Lipogenesis 

E* Glycogenesis 


In the following questions indicate with dear (T) the true 

statements, and with clear (F) the false statements: 

In diabetes : 

19. Glucose -6- phosphatase activity increases 

20. Glucose -6* phosphate dehydrogenase activity increases 

21. Glucose utilization is impaired 

22. Gluconeogenesis is impaired 

23. Glycogen synthase activity increases 

Progesterone: 

24. Differs from deoxycorticosterone at C-21 

25. Can be synthesized by the ovaries and adrenals 

26. Is excreted in the urine as pregrtanediol glucosiduronate 
27.1s relatively inactive when given orally 
28. Stimulates breast acini 
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Glucagon effects include^ 

29. Activation of phosphorylase kinase 
3G. Inhibiting gluconeogenesis 

31. Causing glycogenolysis 

32. Activating muscle phosphorylase 
33. Inhibiting lipolysis 


Matching: For each set of numbered questions, choose the 
ONB BEST answer from the tist of lettered options below it. An 
answer may be used once or more times, or nqtat all. _ 


34.A polypeptide secreted by pancreatic or -cells, that increases blood 
sugar levels 

35. Increases insulin release from the pancreas 
36.Enhance protein synthesis 
M.Causes release of calcium from bone 
38 .Increases glycogenolysis in liver and muscles 
A* Sulfonylurea 

B. Epinephrine 

C, Thyroxine 
P* Glucagon 

E, Parathyroid hormone 


39.Contraction of uterine smooth muscle 
40 .Secretion of pepsinogen 
AUnhibits calcium release from bones 
42. Stimulation of gluconeogenesis 

■ti.Development of alveolar system of mammary glands 

A. Cortisol 

B. Oxytocin 

C. Progesterone 

D. Gastrin 

E. Calcitonin 


O-methyl transferase (COMT) on 


*4. Immediate precursor of norepinephrine 

45 . Required for conversion of norepioephrme to epinephrine 

46. End product of epinephrine and nor epinephrine catabolism 

41.Prodoced by action of catechol .. ."" 

epinephrine and norepinephrine 
4%.Formation is stimulated by epinephrine 

A. Dopamine . 

B. Normetanephrine and metanephrin 

C. $-Adenosyfmethionine 

D. Cyclic AMP 

E. Vanilylmandelic acid 
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4 4 ) + /Wobf/Jzes fr/acyfgJyceroJs 

50. Releases milk 

51 .Antidiuretlc hormone 

51. Produced by f he placenta 
53*Stimulate testosterone production 

A, Luteinizing hormone 

B, Vasopressin 
C- Glucagon 

Dp Chorionic gonadotropin 
E. Oxytocin 

54,Mammary gland 
55*Uterus 
56-Gall bladder 
57. Skeleton 
58.Smooth muscle 
A* Calcitonin 

B. Prostaglandins 

C. Oxytocin 

D. Progesterone 
£, Pancreozymin 


t 
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Answer %py 


M CO; 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

A 

C 

C 

E 

E 

C 

C 

D 

A 

B 

11 

12 

13 

14 

15 

16 

17 

! 18 . 


B 

D 

B 

D 

C 

A 

A 

C 


True and false: 


19 

20 ! 

21 

22 

23 

24 

25 

26 

27 

1 28 

T 

F 

T 

f 

F 

T 

T 

T 

F 

T 

29 

39 

31 

32 

33 






T 

F 

T 

F 

F 







Matching: 


34 

35 

36 

37 

36 

39 

49 

41 

42 

43 

D 

A 

C 

E 

B 

B 

D 

E 

A 

C 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

A 

C 

E 

B 

D 

C 

E 

B 

D 

A 

54 

55 

56 

57 

58 


C 

D 

E 

A 

B 


Scanned by CamScanner 






















































Chapter 23 


Cancer, Oncogenes f 
ancf Tumor Markers 


1. What are the most common causes of malignancy? 

A. About ©0% of human cancers are caused by environmental factors 
(pollutions), principally chemicals. 

2. Can life style cause cancer? 

A- Yes. e.g. by cigarette smoking. 

3. Name some chemical carcinogens. 

A. Methyl cholanthrene, oflatoxins, benzopyrenes and asbestos. 

4. How can alphatoxins be produced? 

A. They are produced by the moJd aspergiilus flavus that may be present 
in some food. 

5. Name some physical carc/nogens. 

A* X-ray p gamma-ray and UV-ray. 

6. Name some anti-mutagens and anti-carcinogens, 

A* Vitamin A p Vitamin C, Vitamin E and curcumm. 

1. Name some oncogenic viruses* 

A. Epstein Barr virus (EBV), hepatitis B virus <HBV}, end human 
papilloma virus. 

8, What are proto-oncogenes? 

A. These are normal genes (about 100) present in normal cells In human 
genome. They have specific functions in ceil growth and 

differentiation. 

9. What are Oncogenes? 

A, Genes capable of causing cancer. Oncogenes are specific sequences 
in DNA which when expressed may produce cancer, 

1 O.Name a cancer, produced by the deletion of an oncosuppressor gene. 

A. Retinoblastoma. 

U.vWiaf are properties of cancer celts? 

A. They diminish control of growth, Invade loci tissues, and spread 
(metastasis) to ths othsr parts of the body. 
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1 2,What are properties of benign celts? 

A. They diminish control of growth, do not Invade local tissues, and do 
not spread to the other parts of the body. 

13. What are tumor suppressor genes? 

A. These genes suppress cancer (tumor) formation. Their protein product 
inhibits mitosis. 

\A.What fs retinoblastoma gene? 

A. Retinoblastoma is a cancerous tumor of the retina. It occurs in two 
forms, familial retinoblastoma which is multiple tumors in the retinas 
of hoth eyes occurring in the first weeks of infancy and sporadic 
retinoblastoma which is single tumor appears in one eye sometimes in 
early childhood before the retina is fully developed. 

15. What are causes of familial retinoblastoma gene? 

A. Occurs when the fetus inherits from one of its parents a chromosome 
(number 13) that contains a deleted or mutated R8 gene. Then later in 
life, mutation of the remaining RB gene (somatic mutation) will remove 
the Inhibition provided by RB protein (p110 RBt ) -* Retinoblastoma. 

16 . What are causes of sporadic retinoblastoma gene? 

A. In this disease, both inherited RB genes are normal but later in life, 
both genes undergo somatic mutation (often a deletion) 
Retinoblastoma. 

17. What is P 33 gene? 

A. It is a tumor suppressor gene. 

18. Why it is called 53? 

A. Because its protein product is 53 kilo Daltons hence the name. 

19. Wbaf is the site of P S} gene? 

A. Short arm of chromosome 17 In somatic and gametogenic cells. 

20. Wbaf is the function of P 3J gene? 

A, ft prevents the formation of some tumors. Its mutation may lead to 
cancer lung, cancer breast and cancer colon. 

2 1 . What is the mechanism of action of P 53 gene? 

A. Regulation of ceil division, control of DMA damage and repair 
protection against viral infection, and P 53 has a role in apoptosis 

22. What is apoptosis? 

A. is a programmed cell death controlled by specific gene. Stimulation of 
this gene -* Rapid death of the cells p SJ participate and stimulate 
apoptosis by unknown mechanism. 
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23. Wfraf arc mechanisms of fransformaHon of protooncogenes into 
oncogenes? 

A. This can be done by: promotor insertion)viral infection), enhancer 
insertion, chromosomal translocations and gene amplification. 

24. How can promoter insertion help transformation of protooncogenes into 
oncogenes? 

A. When certain viruses infect cells, a viral DMA copy (cDMA) is 
Synthesized by reverse transcriptase and this cDNA is integrated in 
the host genome. These inserted new cDNA act as promoter of 
transcription of prooncogene —> oncogene. 

25. How can promoter enhancer insertion help transformation of 
protooncogenes into oncogenes? 

A. Here the viruses that infect cells produce cDNA that act as enhancer 
(stimulator) which stimulate DNA for transcription. 

26. How can promoter chromosomal translocations help transformation of 
protooncogenes into oncogenes? 

A* A piece of one chromosome is split off and then joined to another 
chromosome. If the second chromosome donates material to the first, 
the translocation Is said to be reciprocal* Example of chromosomal 
translocation Include Philadelphia chromosome (involving 
chromosomes 9 and 22) -> chromic granutocyctic leukemia. 

Chromosomal translocation of chromosomes 8 and 14 -> cancer of 
human B lymphocytes =-> Burkitt's lymphoma. 

27. How can promoter gene amplification help transformation of 
protooncogenes into oncogenes? 

A. This is an increase the number of copies of normal proto-oncogene 
within the cell e g. genes for certain enzymes e,g. dihydrofqlate 
reductase. This results in an increase of enzyme activity Resistance 
to certain anthmaiignant drugs as methotrexate. AmpMflcatton may 
play a role in the progression of tumor cells to a more malignant state. 

28 + How can promoter single point mutation help transformation of 

protooncogenes into oncogenes? 

A, Sometimes a single point mutation of proto^oncogene from normal 
human cells leads to production of mutant protein -> cancer e.g, c- 
ra$ proto"Oncogene from normal human ceils and c-ras oncogene from 
a cancer of human bladder showed that they differed only in one base 
-> an amino acid substitution at position 12 of certain protein that 

affect G-proteln in cell membrane -> affect adenylate cyclase «+ 
affect hormonal action. 
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2$.What are mechanisms of action of oncogenes? 

A, They may act on key intracellular pathways involved in growth 
control e.g, single point mutation may result in a protein that affect 
mitosis. The product of oncogenes may imitate the action of a 
polypeptide growth factor. The product of oncogene may also imitate 
an occupied receptor for growth factor. 

30 .What are functions of proto-oncogenes? 

A. (1) Synthesis of protein kinase enzyme. This enzyme helps 
phosphorylation of some proteins changing its activity, (2) Synthesis 
of growth factors and growth factor receptors, (3) Some proto- 
oncogenes (c-Jun proto-oncogenes) act as regulator genes that 
regulate gene expression. (4) Some proto-oncogenes (c-ras-proto- 
oncogenes) code for synthesis of protein that binds GTP. GTP acts as 
first messenger for some hormones, 

31 .What are growth factors? 

A, Growth factors are polypeptides exert a mitogenic response on their 
target ceils. They affect many different types of cells e.g, blood cells, 
nervous system, mesenchymal tissues and epithelial tissues. 

32. How do growth factors act in endocrine, paracrine or autocrine manner ? 

A. Trey act as endocrine manner like hormones, they may be synthesized 

elsewhere in the body and pass in circulation to their target cells. 
Paracrine manner: they may be synthesized in certain cells and 
secreted from them to affect neighboring cells. However the cells that 
synthesize the growth factors are not themselves affected, because 
they lack suitable receptors. Autocrine manner: cells that synthesize 
growth factors have receptors for them or they are secreted inside 
cells and directly stimulate various processes. 

33. What is mode of action of growth factors? 

A* Growth factors bind with specific cell receptors on the plasma 
membrane of target cells forming growth factor receptor complex. This 
causes phosphorylation of target proteins in the cytoplasm. The 
growth factor- receptor complexes are subjected to endocytosls in 
coated vesicle {like LDL) -* rapid activation of certain cellular proto¬ 
oncogene -+ Oncogenes, 

34*What are tumor markers? 

A- They are factors, synthesized and released by cancer cells or 
produced by the host cells in response to the presence of cancerous 
tissue. They could be detected in blood and therefore indicate the 
presence of the tumor In the body. 
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35. What is the clinical application of tumor markers? 

A> They are useful for the following purposes. (1) For follow up of cancer 
and (2) to monitor the effectiveness of the therapy. (3) To detect the 
recurrence of the tumor. 

36. Habere is tumor markers present? 

A* Turn of markers may be present in circulation, fn body fluids or 
associated with cells In the cytoplasm or on cell membrane. 

37-tWiaf is the structure of tumor markers? 

A. Tumor markers may be enzymes, hormones, and proteins (tumor 
antigen), 

3R.lVfrar is the ideal tumor marker? 

A, Ideally, tumor marker should provide the following uses in patients 
having cancer (1) Screening the asymptomatic population (2) 
Diagnosis the symptomatic patients. {3} Staging the disease. (4) 
Monitoring the response of the therapy. (5) Assessing prognosis. (6} 
Detecting recurrence. 

39.Whaf are properties of ideal tumor marker? 

A* Have high disease sensitivity, high disease specificity, organ specific, 
Its level reflects the stage of the disease, and must be stable. 

411, Wbaf does sensitivity mean? 

A, It should be positive in all patients with particular cancer. 

Tl.Mfftaf does specificity mean? 

A. It should be negative in all normal population. 

42.lVftat does stable mean? 

A. It is not subjected to marked fluctuation in stabte disease state. 

43. Wame some important tumor markers * 

A + a-Feto protein* CEA (carctno embryonic antigen), PSA (Prostatic 
specific antigen} and HCG (Human chorionic gonadotropin; 

44. Alpha feto protein (AFP) tevei in serum is increased in which condition? 

A. Hepatoma. 

45. Carcino embryonic antigen (CEA) level is increased in which type of 

cancers? 

A. Colorectal and gastrointestinal cancers, 

46.IV/taf is the significance of beta chain of human chorionic 

gonadotrophin ? 

A. it is a tumor marker for choriocarcinoma. 

47,lVha[ is the mechanism of action of Mitomycin? 

A, Intercalation with DMA strands. 

4H.lvhat is the mechanism of action of Methotrexate? 

A* It ts a folic acid antagonist. 
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Chapter 24 CompCete the missed words 


Iftfenfj'on f/ie vitamin deficiBncy~of~the following d/seases;| 

1. Scurvy. ...., . 

2. Pellagra. ... 

3. Pernicious anemia; ... . 

4. Beri Berl,.... .. 

5. Osteomalcia, , .... 

6. Night blindness. ... 


[ Mention the frey enzyme fsj of fo/Zovv/ng fnetebo/f’c ~pathways^ 

I , Heme synthesis. .... 

8. Bilirubin catabolism.. 

9. Purine de novo synthesis 

10-Lipolysls. . ... 

II . Fatty acid synthesis (palmitate) . .. 

12. Urea synthesis. .................... 

13. Cholesterol synthesis... 

14. Citric acid cycle. 

1 S.GIycogenesis ..... 

l6.Glycogenolysls... 

17-Pentose phosphate pathway .. 

18. Glycolysis. ... .. 

19. Gluconeogenesls. . . ... 
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Mention one disease in which the following plasma 
en zymes are incre ased; 

20-Gamma glutamyl transferase. 

' f 1 * + ■ ■ P-P-Ftl I ■ ■ * 

2 l, ALT and AST. 

22. CK- AST and LOH. 

23. Amylase. 

2-t.Alkaline phosphatase. 

25. Acid phosphatase ........ 

26. Troponine C. 

27. Myoglobin 


'Mention the ertrymaf/c defects of the fo/fotvmg diseases^] 

28. Essential fructosuria .... 

29. Hereditary fructose intolerance. 

30. GalactosemIa , ... .... 

3), Lactose intolerance. ... . 

32. Favism. ... 

33. Von Gierke's disease.. 

34. Essential pentosuria.. 

35. Steatorrhea due to pancreatitis. .. 

36. Tangier disease ..... 

37. Gaucher's disease ............ .. 

38. Nlemann-Pick disease... 

39. Tay Sach s disease ..................... 

40. Maple syrup urine disease. ..* *. 

4 (.Albinism.. 

42, Phenylketonurla... 

43. Alkaptonurla. ... 

^.Hyperammonemia type (...*■■•■■••■ ‘ * * ■ ■ • ■ 

45. Hyperammonemia type II... ■. 

46. Crigler - Najjar syndrome *. 

47. Acute Intermittent porphyria.. 

48. Porphyria cutanea tarda. ... 

49. Heretfitary coproporphyria,.... 

50. Variegate porphyria.. 

51 -Congenital erythropoietic porphyria. 
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Sl.Protoporphyria . * . , - 
53<$uccinyl choline apnea 
54*Xer0derma pigmentosum 


Menf/on the metabolic defects of the following d /seasesT] 

55. Diabetes mellitus. ... 

56. Lactic acidosis.... 

57. Hypoglycemia. ... 

58. Ketosis... 

59. Kwashiorkor ..... 

60. Marasurnus. 

61 - Argintinofoma. .. 

62- Hartnup's disease.* *.. 

63 ,GlycInuria.. ... 

64 .Cystin u ria.. 

65. Myasthenia gravis.. 

66. Prion disease .. • 

67. Alzheimer’s disease.. 

68. Parkinson's disease .. 

69. Dubirt - Johnson syndrome.. 

70. Ge<bert disease .. 

7 i .hyperuricemia 


Mention the metabolic disorder(s) resulting from 
deficiency o fthe following enzymes : _ 

72. a-Ketoacid decarboxylase.. 

73. Aldolase B , . ..... . 

74. Dihydrobiopetrfn reductase. 

75-Fructokinase .. 

76. Galactose -1- phosphate uridyitransferase. .. 

77. Glucocerebrosidase. 

78. Glucose - 6 - phosphate dehydrogenase. 

79. Glucose -6* phosphatase. p 

SO.Histidinase ..... 

81. Lipoprotein lipase (LPLJ ... 
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82. Pancreatic lipase 

83. Para hydroxyphenyl pyruvate oxidase. . 

84. Phenylalanine hydroxylase. ....... 

85. Pyruvate kinase. 

86. Renal 1 a-hydroxylase. 

87. Sphingomyelinase. 

88. Tyrosine hydroxylase 

89. Tyrosine transaminase. 

00-UDP-Glucuronyl transferase ....... 

91 ,U V specific endonuclease.. . 

92. Homogentisate oxidase. ........ 

93. Carbamoyl phosphate synthase I. . . . . 


Mention the produces) resulting from the reaction 
catalyzed by tfte following enzyrnes . __ 

94. p-Carotene dioxygenase.. 

95. Acetyl CoA carboxylase. .. 

96. Lecithin cholesterol acyltransferase (LCAT. 

97. Adenylate cyclase, ... 

98. ALA synthase. 

99. Alanine transaminase. 

!O0. Aldolase B,.. .. 

101. Citrate lyase. .. 

102. Dihydrofoiate reductase. 

103. Glutaminase..* ■ * ■ ■ *. 

104 . Glyceraldehyde -3* phosphate dehydrogenase. , , , , , 

105. Glycogen phosphrylase.. 

106. Hepatic 25 choieealceferol hydroxylase. 

107. HMG-CoA reductase. .. 

108. Hormone sensitive triacylgtycerols lipase. 

109. L-Glutamate decarbxylase.. 

110. Phenylalanine hydroxylase. 

111. phosphfructokinase I. 

112. Phosphfructokinase II. 

113. Tyrosine hydroxylase.*. 
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[ftTenffon the conce/ifraf/orr of f/ie foJ/ow/ng subsfo nces_J 

H4, Fasting plasma glucose (mg/dl) ... * ' 

t 15. 2 Hours PP plasma glucose (mg/dl). 

116. Total plasma chole$terol(rng/dl)... 

117. Total plasma calcium (mg/dl). 

IIS. Indirect, unconjugated palsma bilirubin (mg/dl) . ..... 

119. Direct, conjugated plasma bilirubin (mg/dl).. 

120. Plasma uric acid (mg/dl). 

121. Plasma Iron (mg/dl).. ... 

122. Plasma total iron binding capacity (mg/dl) ■ ...... 

123. Plasma urea (mg/dl) ... * 

124. Urine urea (g/day)... 

125. Urine protein (mg/L) .. 


|Menf/oo one organ / tissue location for the following £om£Qunds± 

126. Collagen.... 

127. Elastin ... 

128. Glycogen:... 

129. Heme. ... 

130. Immunoglobulin A... 

131. Keratin:.. 

132. Myoglobin.... , 

133. Prostglandins.. 


|W/iaf are /iydro/yf/c prodt/cts of the following compounds;] 


134. 

Glutathione 

135. 

Lctose. . . 

136. 

Sucrose, * 

137. 

Maltose. , 

138. 

Lecithin. , 

139. 

ATP. . . . 

140. 

NAD + . . . . 
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Answer %ey 


1 ' L-Ascorbic acid 

2. Niacin 

3. Vitamin B12 

4. Vitamin 81 

5. Vitamin D3 (calcitrioi) 

6. Retinal 

7. ALA synthase 

8. UDP-glucuronyl transferase 

9. PRPP synthetase and PRPP glutamyl amidotransferas© 


10. Hormone sensitive triacylglycerol lipase 
1 I .Acetyl CoA carboxylase 
l2.Carbamoyl synthase I 
1 3 .HMG CoA reductase 

14. Citrate synthase, isocitrate dehydrogenase and alpha ketoglutrate 
dehydrogenase 

15. Glycogen synthase 
\ 6.Phosphorylase 

17.Glucose -6- phosphate dehydrogenase 

IS.GIucokinase, hexoklnase, phosphofructakinase I, and Pyruvate 
kinase 

Glucose -6- phosphatase. fructose 2.6 bisphosphatase. Pyruvat. 
carboxylase, Phosphecnol pyruvate carboxykioase 
2(1 .Chronic alcoholism 
21 .Liver cell failure 
22, Myocardial infarction 


23. Pancreatitis 

24. Obstructive jaundice 

25. Prostatlc carcinoma 

26. Myocardial infarction 

27. Myocardial infarction 

28. Friictokinase 

29. Aldolase 8 

30. Galaetose -1- phosphate uridyl 
Galactose epimerase. 


transferase* Galactokinase, UOP - 


31 .Lactase 
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32. Glucose -6- phosphate dehydrogenase 

33, Glucose -6* phosphate dehydrogenase 
34 + t-xylose reductase 

3 5, lipase 
36.LC AT 

37. Seta glucosidase {glucocerebrosidass)--- 
38,5phlngomyelinase. 

3 9, Hexosaminidase* 

4(Lc4-Ketoacid decarboxylase 

4 I /Tyrosine hydroxylase 

42. Phenyl alanine hydroxylase 

43. Homogentisic acid oxidase 

44. Carbamoyl phosphate synthase t 
45*Ornithiti transcarbamoylase 

4 6.UDP-GLucurofiyI transferase 
4 7 i Uroporphyrinogen I synthase 
4 8.Uroporphyrlnogen decarboxylase 
49Xoproporphyrin oxidase 
50. Pro to porphyrinogen oxidase..,,, 

SKUroporphyrlnogen El synthase 

52 .Ferrochelatase 

53 .pseud ocho lino st erase 
54. UV specific endonuclease 
SSJnsulin deficiency 

56Jncreased production of lactate or dec rase utilization of lactate 

57. Decrease blood glucose concentration below 45 mg/d! 

58. Metabolic acidosis resulting from ketonemia. 

59. hypoproteinosis results from deficiency of only dietary proteins in 
children 

60-hypo proteinosis results from deficiency of dietary proteins 
carbohydrate and lipds in children 

61. Excessive production of serotonin by Intestinal argentaffin cells o n 
expense of niacin 

62. Defective intestinal absorption and renal reabsorption of tryptophan 

63. dominant x-linked disease, due to defect in renal tubular 
reabsorption of giycycine 
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64, Defective renal tubular re absorption of 4 amino acids cystine 
together with basic amino acids; lysine, arginine, and ornithine. 

65, Antibodies against the nicotinic acetyl choline receptors that inhibit 
them, 

66 -A neuro degenerative disease due to aggregation and deposition of 
protein known as prion protein. It is insoluble protein. 

67.lt is a ne urological disorder resulting from deposition a protein 
known as (3-amyloid, It is Insoluble protein. 

68. Decrease of dopamine transmitter in mid brain. 

69. Defect in the hepatic secretion of conjugated bilirubin into the bile. 

70. Defect in the uptake of bilirubin by the liver cells 

71. A condition in which serum urate level is increased above normal 
level (2*7 mg/dl) and exceeds its solubility limit. 

72. Maple syrup urine disease 
73-Hereditary fructose intolerance 

74. Atypical phenylketonuria 

75. Essential fructosurla 

76. Galactosemia 

77. Gaucher's disease 

78. Favism 

79. Von Gierke's diseas 
SO.Histidinemla 

81. Primary hyperlipoproteinemia 
82.5teatorrea 

83. Tyrosinemia 

84. phenylketonuria 

85. Hemolytic anemia 

86. Renat rickets 

87. Niemann-Pick disease 

88. Albinism 

89. Tyrosinemla 

90. Crigler Najjar syndrome 

91. Xeroderma pigmentosum 

92. Alkaptonuria 

93. Hyperammonemia type I 

94. Retinal 

95. Malonyl CoA 
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96. Cholesterol ester + Lysoleclthin 

97. Cyclic AMP 

98. Delt amino Jevulonlc acid 

99. Pyruvate + Glutamate 

100. Dihydroxyacetone phosphate ♦ Glyceraldehyde 

101. Acetyl CoA * Oxaloacetate 

102. Tetra hydrofolate 

103. Glutamate + Ammonia 

104. 1,3 Bisphosphoglycerato 

105. Glucose -1-phosphate 

106. 25 cholecalceferol 

107. Mevalonate 

108. DiacyJglyceroi+■ Fatty acid 

109. Gamma amino butyric acid (GABA) 

110. Tyrosine 

II 1. Fructose 1,6 bisphosphate 

112. Fructose 2,6 bisphosphate 

113. DOPA 

114. 65 -110 mg/dl 
US. 65 -140 mg/dl 

116. 140 - 220 mg/dl 

117. 8,5-10.5 mg/dl 
1 [ 8. 0,2-1.0 mg/dl 

119. 0.0 - 0.2 mg/dl 

120. 2-7 mg/dl 

121. 60 - 160 mg/dl 

122. 180 - 450 mg/dl 

123. 20 - 50 mg/dl 

124. 20 - 40 g/day 

125. Less than 30 mg/L 

126. Tendons and bones 
]27. Lung and blood vessels 

128. Liver and muscles 

129. RBCs and muscles 

130. Body secretions 

131. Skin, hair and skin 
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132. Skletal muscles 

133. Seminal fluids 

134. Glutamate, cysteine and glycine 

135. Glucose and galactose 

136. Glucose and fructose 

137. Glucose and glucose 

138. Glycerol! + saturated fatty acid + unsaturated fatty acrd + 
phosphate + choline 

139. Adenine + Rihose + phosphate 

140. Nicotinamide + Ribose + phosphate + Adenine + Rabose + 
phosphate 
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CHAPTER 25 


SHORT CASES 
IN CLINICAL 
BIOCHEMISTRY 


1. The following plasma biochemical profile was obtained from a 
semicomatosed patient admitted to the Al-Azhar University 
Hospital; 


Test 

Value 

Reference range 

Glucose, fasting 

700 

mg/dl 

65-110 

mg/dl 

Cholesterol 

300 

mg/d 1 

<220 

mg/dl 

Ketone bodies 

100 

mg/dl 

1 - 3 

mg/dl 

Potassium 

5.5 

mmol/L 

3-5 - 5 

mmol/L 


A. On biochemical bases what is the provisional diagnosis? 

8- Explain accordingly, why these metabolites and electrolyte are 
elevated. 

C. During the treatment, explain why potassium should be given? 

2, A 45-year old diabetic woman was admitted semicomatosed to the 
hospital. She has headache,, confusion, anxiety, profuse sweating 
and hunger. On examination she was hypotensive and has 
tachycardia and tremors of hands. 

A. What is the provisional diagnosis? 

B. What are the possible causes? 

C. What are the investigations required to be done immediately. 

3, A 79-year old woman was admitted to the hospital deeply 
unconscious and extremely dehydrated. No history was available. 

The admitting doctor arranged some plasma biochemical results, 
which were as follows: 


Test 

Value 

Reference range 

Glucose 

775 

mg/dl 

65-110 

mg/dl 

Ketone bodies 

[ 1.9 

mg/dl 

1 - 3 

mg/d! 

Urea 

132 

mg/dl 

20-50 

mg/dl 
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Creatinine 

1.4 

mgidl 

RK7-1.2 

mgidl 

Biocarbonate 

23 

mmol/L 

21*25 

mmoliL 

Cl 

120 

mmollL 

90-106 

mmol/L 

lNa + 

155 

mmol/L 

134-147 

mmol/L 

IT "- 

5.1 

mmoliL 

3.5-5 

mmoliL 

pH 

7.39 


7.35-7.42 

_ 


A. What is the provisional diagnosis? 

B. What are actions needed? 

4. A 9 months baby was presented to the hospital with jaundice. His 
mother reported that the baby was normal until he has feed a 
tittle smashed fava bean; at that time he began to experience 
fever and shivering. His skin turned yellow and his urine turned 
dark brown. 

A. What is the provisional diagnosis? 

it. What is the possible biochemical defect? 

C. What are investigations required? 

I). What are recommendations you advise the child's parents, 

5. A 3 years old child was referred to pediatric emergency room, 
suffering of dizziness, confusion, loss of concentration, anxiety, 
profuse sweating and hunger, On examination he was found to 
have enlarged liver. Liver biopsy was taken and proved to 
contain excess glycogen than normal. 


The admitting doctor arranged some plasma biochemical results, 
which were as follows: 


Test 

Value 

Reference range 

Glucose 

42 

mgidl 

65-110 

mg/dl 

i Lactate 

3.2 

mmoliL j 

t - 2 

mmol/L 

Ketone bodies 

9.2 

mgidl 

1 - 3 

mgidl 

AST 

63 

U It 

10-37 

U/L 

ALT 

55 

Ull 

10-42 

! U/L 

Triacylglycefols 

130 

mmol/L 

40-160 

mg/dl 

Uric acid 

3.4 

mgidl 

2-7 

mgidl 


A. On biochemical bases what is the provisions/ diagnosis 

B. What is the possible biochemical defect? 

C. Explain accordingly, why these metabolites are changed? 
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6, A 22 years old female attended an internal medicine clinic, 
complaining of diarrhea, distention, and abdominal cramps. She 
gave history of ingestion large amount of milk. On examination she 
showed signs of dehydration. 

A. Wha( is the provisional diagnosis? 

B. Whaf are the possible biochemical defects? 

C. What are mechanfsms of these signs and symptoms? 

7. A 3 years old hyperactive baby was referred to pediatrician, 
suffering from mentat retardation, tremors, failure to walk and talk. 
His IQ is below 50 (normal 90-110), Blood was drawn for amino acids 
analysis. Among them, phenylalanine was proved elevated. 

A. What is the provisional diagnosis? 

B. What are the possible biochemical defects? 

C. How can these conditions be prevented? 


8. A 45 years old male patient referred to an emergency room, 
suffering of dizziness, confusion, loss of concentration, blurring 
vision and vomiting. On examination he was found to have 
flapping tremors. The following liver function tests were done: 


Test 

Value 

Refe 

rence range i 

Ammonia 

390 

Umol/t 

10 110 

Umol/I 

Total bilirubin 

27 

mg ld\ 

0.2-1.2 

mg/dl 

Direct bilirubin 

22 

mg/dl 

6 6-0,2 

mg/dl 

AST 

2650 

U/L 

10-37 

U/L j 

ALT 

3481 

UIL 

10-42 

U/L 

Alkaline phosphatase 

932 

U/L 

100-290 

y/L 


A What is the provisional diagnosis? 

B What are the possible ceases of this condition? 

C. What are is the mechanism of these symptoms and signs? 

D. Explain toe argent treatment needed 


„ ^ , QCon ted with jaundice, diarrhea, vomiting and 

9. A 6 months baby presented . . 

amino acids showed marked elevation of 
failure to grow. Plasma am. 

f -- ts were elevated. The baby was died 
tyrosine. Uver function tes 

one month later from llwr <=•» ,i *" ure ' 
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A. What is the provisional diagnosis? 

B. What is the possible biochemical defect? 

C. How can this condition be prevented7 

10. A 5 years old child was referred to pediatrician, suffering from 
arthritis. His urine turned black when ieft to stand. Plasma 
homogentisafe showed marked elevation. 

A. IVhaf is the provisional diagnosis? 

B. What are the possible biochemical defects? 

11, A middle aged man with a family history of ischemic heart disease 
had fasting lipids studies performed, with the following results: 


Test 

Value 

Reference range 

Cholesterol 

198 

< 220 

mg/dl 

Triacylglycerols 

347 

60 - 160 

mg/dt 

Lipoprotein 

electrophoresis 

Increased 

pre-beta fraction 




A. What is the lipid disorder, 

B, What are the possible causes of this condition? 

12. A 43 years old man attended orthopedic clinic sffuring from acute 
attack of severe pain in the big toe, which was swollen and red.The 
patient gave history of renal stones. 

A. What is the provisional diagnosis? 

B. What are the possible biochemical defects? 

C. How can these conditions be treated? 

13. A 60-year old man developed jaundice associated with weight 
loss but no pain. Physical examination was normal except there 
was deep icterus. The liver function tests were as follows: 


Test 

Value 

Reference range 

Bilirubin (total) 

13 

mg/dl 

0.1-1.2 

mg/dl 

Bilirubi (direct) 

12 

mg/dl 

0.0-0.2 

mg/dl 

ALT 

25 

U/l 

10-37 

U/L 

AST 

19 

Ll/I 

10-42 

U/L 

Alkaline phosphatase 

570 

U/l 

100-290 

U/L 


A. What type of jaundice is this? 

B. What is the likely diagnosis? 
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14, A 58-year old man became unwell and developed jaundice. His 


doctor arranged for some liver function tests (LFTs), which were; 


Test 

Value 

Reference range 

Bilirubin (total) 

3.4 

mg/dl 

0.1-1.2 

mg/dl 

Bilirubi (direct) 

2.1 

mg/dl 

0.0-0.2 

mg/dl 

ALT - 

1 80 

U/l 

10-37 

U/L 

AST 

157 

U/J 

10-42 

U/L 

Alkaline phosphatase 

340 

U/l 

100-290 

i u7l 


A. On biochemical bases what is the provisional diagnosis? 

B. Explain accordingly, why these metabolites and enzymes are 
elevated , 

C. What are the possible causes? 

15, A 4 days old newborn presented in neonatology clinic with 


jaundice. The following biochemical tests were done: 


Test 

Value 

Reference range 

Bilirubin (total) 

8.5 

mg/dl 

0.1-1,2 

mg/di 

Bilirubi (direct) 

0.3 

mg/dl 

0.0-0.2 

mg/dl 

ALT 

16 

u/s 

10-37 

U/L 

AST 

18 

U/l 

10-42 

U/L 

Alkaline phosphatase 

110 

U/l 

100-290 

U/L 


A. What Is the provisional diagnosis? 

B. Explain accordingly, why total bilirubin is elevated, 

C. What is the effect of elevated bilirubin? 

D. How to manage the case? 

16, A 37-year old man did a preoperative examinations and 

investigations. The physician noted that the patient was 

asymptomatic and had no abnormal physical signs. The liver function 
tests were normal except for total bilirubin, 2,9 mgfdt (normal 0.2-1.2 
mg/dl). The operation was postponed. The physician asked to repeat 
the test for bilirubin after 24 hours caloric restriction. Total bilirubin 
was elevated to 4.2 mgfdl. 

A. What is the most likely diagnosis? 

B, What type of hyperbilirubinemia is this? 
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1 7. A 44-year oid farmer was adimiited with diarrhea, dermatitis in the 
exposed area of skin and dementia. His family gave dietary history 
mainly of corn and corn products. 

A. What is the most likely diagnosis? 

B. Explain the metabolic causes of these signs. 

C. What will be the treatment? 

18* 3 5-year old female presents to the clinic feeling tired, fatigued 
and loss of interest in normal daily activities. She has problem of 
constipation, muscle cramps, loss of interest in sex, and 
menstrual disorders. She is frequently coid when others are hot. 

Her skin has become dry, and she has noticed a swelling 
sensation in her neck area. On the examination she is febrile with 
a slower heart rate pulse 60/min. She has an enlarged, non tender 
thyroid noted on her neck. Her reflexes are diminished. 

A. What is the most likely diagnosis? 

B. What laboratory test would you need to confirm the diagnosis? 

C. What are the metabolic changes in the patient? 

19. A 3-year old boy is brought to the emergency department after 
several episodes of vomiting and lethargy. His pediatrician has been 
concerned about his failure to thrive and possible hepatic failure 
along with recurrent episodes of the vomiting. After a careful 
history is taken, you observe that these episodes occur after 
ingestion of certain types of food, especially high in fructose. A 
blood sugar was checked and was extremely low. 

A. What is the most likely diagnosis? 

B. What is the biochemical basis for c finical symptoms? 

C. What is the treatment of the disorder? 

20. A 50-year old female presents to your clinic with complaints of 
excessive thirst, fluid intake, and polyurea. She denies any urinary 
tract infection symptoms. She reports no medical problems, but has 
not seen a doctor in many years. On examination she is an obese 
female in no acute distress. Her physical examination is otherwise 
normal. The urine analysis revealed large glucose, and a serum 
random blood sugar level was 320 mgidl. 

A. What is the most likely diagnosis? 

B. What are the causes of metabolic changes in the patient? 

C. What is the biochemical basis of this disease? 
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21. A 30 year old male presents with evidence of myocardial infarction 
(severe retro-sternal pain which is referred to left shoulder). 

A. What are the possible biochemical tests you as*ed for to confirm 
the diagnosis ? 

8. When asked for each test? 
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Answers 

i. Case taking number 1: 

A. The provisional diagnosis is severe UNCONTROLLED 
DIABETES MELLITUS , 

B. Causes of elevated metabolites and electrolytes, 
deficiency causes: hyperglycemia {700 rrtgfdl)- Insulin 
deficiency also causes excessive lipolysis high acetyl CoA 

hypercholesterolemia and excess ketone bodies. Increased 
plasma potassium is due to mobilization of potassium from 
inside to outside the cells associated with insulin deficiency. 

C. Potassium should be given because insulin treatment will cause 
potassium to go inside cells with subsequent hypokalemia. 


2. Case fatting number 2: 

A. The provisional diagnosis Is HYPOGLYCEMIA . 

B. The possible causes are either taking insulin treatment without 
food intake or excessive dose of insulin injection. 

C. Testing blood glucose. 

3. Case taking number 3: 

A. The provisional diagnosis is HYPEROSMOLAR NON¬ 
KETOTIC DIABETIC COMA . 

B. This is a hyperglycemic diabetic emergency, and the 
normal plasma ketone bodies, CO, do not suggest ketosis. 
There is also hypernatremia and hyperosmolaiity 
confirming hyperosmolar non-ketotic diabetic coma. 

C. Actions needed: This patient carefully rehydrated with half¬ 
normal saline and given low dose insulin infusion. 

4. Case taking number 4; 

A. The provisional diagnosis is FAVISM . 

8. The possible biochemical defect is the deficiency of glucose- 
6-phosphate dehydrogenase enzyme. 

C. The investigations required are estimation of red cells 
glucose-6-phosphate dehydrogenase enzyme, reticulocytes, 
hemoglobin concentration, and estimation of plasma total and 
direct bilirubin. 
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D. The recommendations for the ch11 d*s parents are to avoid 

ingestion of fava beans, antimalarial drugs and some 

antibiotics as streptomycin, 

5. Case takin£ number 5: 

A, The provisional diagnosis is VON GIERKE'S DISEASE . 

B, The possible biochemical defect is the hereditary deficiency 
of giucose-Q-phosphatase enzyme, 

C, Deficiency of the enzyme prevent giycogenolysis i.e. 
conversion of glycogen into glucose. This leads to: 

1. Accumulation of large amount of glycogen in liver. This leads 
to disturbance of liver functions 4 Elevated ALT and 
AST. 

2. Enlargement of liver (liepatomegally), 

3* Fasting hypoglycemia, 

4, Ketosis and hyperlipidemia as lypolysis and fatty acid acids 
oxidation increased to give energy required "4 t Ketone 
bodies.. 

5. Hyperuricemia (gout): i glucose-6-phosphatase *4 
t Glucose-6-phosphate <4 T Pentose phosphate pathway *4 t 
Ribose production *4 T Uric acid -4 Gout. 

6. Case taking number 6; 

A. The provisional diagnosis is LACTOSE INTOLERANCE , 

S. The possible biochemical defect is the acquired deficiency of 
intestinal lactase, essential for digestion of lactose. 

C. Mechanism of signs and symptoms: The presence of lactose in 
Intestine causes: 

1. increased osmotic pressure: So water will be drawn from 
the tissue (causing dehydration) into the large intestine 
(causing diarrhea). 

2, Increased fermentation of lactose by bacteria: 
intestinal bacteria ferment lactose with subsequent 
production of CO? gas. This causes distention and 
abdominal cramps. 
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7. Case fafr/na number 7: 

A. The provisional diagnosis is PHENY LKETONURIA. 

6. The possible biochemical defect is the hereditary deficiency of 
phenyl afanine hydroxylase enzyme. 

C. Phenylketonuria can be prevented by: 

i „ Diagnosis: All newly born infants are screened at birth by 
measuring blood phenylalanine. Abnormal high 
phenylalanine level will be found in eases of 

phenylketonuria. 

2 . Any infant proved to have abnormal high level of blood 
phenylalanine, should feed milk containing very low 
amount of phenylalanine. 

3. This regimen of diet is maintained up to 6 years of age when 
a high concentration of phenylalanine has no longer effect 
on brain cells. 


8 . Case taking number 8: 

A. The provisional diagnosis is HYPERAMMONEMIA due to 
liver cell failure. 

a. The possible causes of this condition are acquired liver 
disorders as advanced liver fibrosis and cirrhosis. 


C. Mechanism of symptoms and signs; 

1. At normal blood ammonia level , any ammonia reaches the 
brain is incorporated into glutamine formation by glutamine 


synthetase enzyme. 


^ Glutamme synthetase 

NH 3 + Glutamate-> Glutamine 


2 . In cases of hyperammonemia , ammonia reacts not only with 
glutamate , but also with a-ketogiutarate by glutamate 
dehydrogenase enzyme. This depletes a-ketoglutarate which 
is an essential intermediate of citric acid cycle Decrease 

l-Glutamate 
dehydrogenase 

NH.j+ a-Ketoplntarute —~ ' > Glutamate 

in ATP and energy production * symptoms of ammonia 
intoxication and even coma. 

D. The urgent treatment needed is giving glutamate infusion to 
save a-ketoglutarate. 
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9- Case taking number 9: 

A. The provisional diagnosis Is HEREDITARY TYROS1NEMIA 

(TYROSINOSIS)* 

B. The possible biochemical defect Is the hereditary deficiency 

of either tyrosine tx-ketoglu tarate transaminase or p- 
hydroxy-pheny Ipyruvate oxidase enzymes essential for 
tyrosine metabolism. 

C. Tyrosinosis can be prevented by feeding the affected infant 

and children a diet containing very low levels of tyrosine, 
methionine and phenylalanine (precursor of tyrosine). 

to Case taking number 10; 

A. The provisional diagnosis is ALKAPTONURIA . 

B. The possible biochemical defect is a hereditary deficiency of 
homogentisic acid oxidase. 

11. Case taking number, til 

A. The lipid disorder is Type IV hypernaoroteinernia. 
Hypertriacylglerolemia with a raised pre-beta lipoprotein 
represents a Fredericksen Type IV abnormality. 

B. The possible causes may be secondary to other conditions 
such as alcoholism, obesity, diabetes, pancreatitis, chronic 
renal failure, acromegally and gout. It may also occur as a 
familial disease. In this case the patient was obviously 
overweight, and lipids fell to norma! on successful dieting, 

12 Case taking number 12 : 

A. The provisional diagnosis is GOUTY ARTHRITIS. 

B. The possible biochemical defects? 

1, Primary hyperuricemia (enzyme defects): T PRPP synthase, 
i HGPRTase (Lesch nyhan syndrome) and I glucose-6- 
phosphatase (Von Gierke’s disease}. 

2 , Secondary hyperuricemia: t The rate of cel! division and 
tissue turnover and 4 Renal excretion of uric acid. 

□ .Treatment of these conditions: 

* Treatment of the cause. 

• Allopurinol: II is a structural analogue of hypoxanlhine that 
competitively inhibits xanlbrne oxidase enzyme -* decreasing 
formation of uric acid. 
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13 Case taking, number t3: 

A. The provisional diagnosis is OBSTRUCTIVE JAUNDICE , 

0, The diagnosis is based on the liver function tests {LFTs) 
which indicate that the type of jaundice is obstructive 
jaundice. This is due to marked elevation of plasma bilirubin 
and most of it is of direct type. Other liver function tests 
indicate high concentration of alkaline phosphatase and 
normal amino transferases concentration. Obstructive 
jaundice is nearly due to either gall stones or malignancy 
(cancer head of pancreas), The age of the patient and history 

of loss of weight suggests obstructive jaundice due to cancer 
head of pancreas. 

14. Case fafrino number 14: 

A. The provisional diagnosis is HEPATOCELLULAR JAUNDICE 
as indicated by The LFTs, 

B. In hepatocellular jaundice there a failure in liver functions 
as well as some sort of obstruction. This is manifested by a 
moderate elevation of direct and Indirect bilirubin. Elevated 
ALT and AST indicate destruction of liver cells. Elevated 
alkaline phosphatase indicates some sort of obstruction, 

C. The possible causes may be bilharziasis and viral hepatitis 
(B &C). hepatitis A is unusual in patients in this age. Tests 
for hepatitis B and C are recommended, Bitharzlal test is 
also recommended to exclude bilharzial cirrhosis. 


15. Case taking number t5; 

A. The provisional diagnosis is PHYSIOLOGIC fNFCNATALl 
JAUNDICE as indicated by The LFTs, 

B - Why total bilirubin is elevated. At birth, liver contains very little 
UDP-glucuronyl-transf erase enzyme, which is important for 
conjugation of bilirubin. Also at birth, there is an accelerated 
hemolysis of RBCs. This leads to increased unconjugated 
bilirubin and jaundice, 

c Effect of elevated bilirubin^ If unconjugated bilirubin exceeds 
the concentration, which can be tightly bound to plasma 
albumin (20-25 mgfdi), free bilirubin can pass blood brain 
barrier, causing damage to the brain centers of infants. This is 
called Kernicterus. It may cause mental retardation. 
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How _ to manage the case? Neonatal jaundice Is treated by 

phenobarbital and exposure of jaundiced baby to ultraviolet 
light (photo* therapy) as bilirubin is broken down in light. 

16. Case fafr/nq number f6r 

A. The most likely diagnosis is GILBERT SYNDROME as indicated 
by normal liver function tests and absence of symptoms, Also 
bilirubin gets increased by caloric restriction. 

B. Type of hyperbilirubinemia: unconjugated as the defect is 
mainly in the uptake of bilirubin by the liver. 

17 Case taking number 17j_ 

A. The most likely diagnosis Is NIACIN DEFICIENCY [PELLAGRAL 

R, The metabolic causes are dietary deficiency of niacin, 
tryptophan and/or vitamin B e essential for niacin formation. 
Corn is deficient in niacin and tryptophan. 

C. Treatment include diet regimen which formed of niacin rich 
food. Oral nicotinamide is recommended. 

18. Case taking number 

A. The most Eikely diagnosis is HYPOTHYROIDISM. 

S. The laboratory tests needed to confirm the diagnosis are 
thyroid function tests mainly measuring T3 f T4 and TSH. 

C. The metabolic changes in the patient: Thyroid hormones 
increase heat production and oxygen consumption in most 
tissues through stimulation of ATPase activity. They act 
together with growth hormone as major anabolic agents 
during growth. They stimulate DNA in the nucleus of cells. 
Deficiency of thyroid hormones causes many of the body's 
functions to slow down Signs and symptoms of 

hypothyroidism. 

19. Case taking number 19: 

A. 77ie most likely diagnosis is HEREDITARY _FRUCTOSE 

INTOLERANCE. 

B. The biochemical basis for clinical symptoms: the accumulation 
of fructose-t-phosphate leads to: 

1, Damage of liver and kidney tissues ■* Liver and kidney 
failure. 
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2. Inhibition of phosphorylase enzyme. This leads to inhibition 
of glycogenolysis and fasting hypoglycemia. 

C. The treatment of the disorder is avoidance of fruit juice, fruits 
and sweets. Fructose low diet is generally recommended. 

20. Case taking number 20j 

A. The most likely diagnosis is TYPE U PIABFTFS MELLITUS^ 

B. The cause of biochemical basis of this disease is the 
deficiency of insulin hormone which disturbs carbohydrate f 
lipids, protein, minerals and vitamins metabolism. 

C. The metabolic changes in the patient are due to insulin 
deficiency which leads to decrease glucose uptake by 
tissues, -i glucose oxidation, t giucotieogenesis and t 
Glycogenolysis. This results to: 

1. T Blood glucose (hyperglycemia), this causes f Plasma 

osmolality ♦ dehydration of body cells •*> Sense of thirst. 

2. Glycosuria: If blood glucose level exceeds renal threshold 

+ Glucose appears in urine (glycosuria). This will leads 
to f osmotic diuresis ■* Excessive and frequent urination 
(polyurea). 

21, Case taking nurrtber 2J_j 

A. Ask for biochemical tests which include: CK, CK-MB, AST, 
LDH and cardiac troponin I. 

B CK level starts to rise within three hours of infarction, it can be 
used for diagnosis in the first 24 hours, AST can be used 2-3 
days after onset of infarction. LDH can be used 5*7 days after 
Infarction. Cardiac troponin I (CTt) is released into the blood 
within four hours after the onset of cardiac symptoms, peaks at 
12*16 hours and remains elevated for 5-9 days post-infarction. 
Therefore, CTI fs very useful as a marker at any time interval 
after the heart attack. It Is 75% sensitive index for myocardial 
Infarction. 
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This hook "Oraby's Biochemistry " by 
SAID ORABY is made in it's four parts (I, 
ll 9 III and IV) to provide necessary 
knowledge and recent information about 
biochemistry for medical students and 
allied sciences. 

• All efforts have been made to simplify 
most of the subjects. 

• Latest advances in biochemistry 
important to medicine. 

• Many illustrations are added to bring 
biochemistry alive. 

• Part IV (questions and answers): is a 
new part (2 volumes) to practice your 
studying and is the key to success. 

• Postgraduates and students who are 
preparing for standard courses or 
examinations (fellowships, ECFMG.. etc) 
will find this book of benefit for them. 

• Finally, I hope this work is appreciated 
and accepted by students and 
colleagues. 
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